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H. B. HEDRICK 
INTRODUCTION 
This research bulletin is published under the auspices of Regional Project 
NC-58, Beef Carcass Evaluation, with approval of the Directors of the Agricul-
tural Experiment Stations of the North-Central Region and the Animal Husband-
ry Research Division, A.R.S., United States Department of Agriculture. Re-
gional Project NC-58 is cooperative among these agencies. 
The primary objectives of Regional Project NC-58 are to obtain information 
that can be used to ( 1) objectively identify factors that characterize differences 
in beef carcasses, (2) evaluate the relative importance of these factors in char-
acterizing carcass differences, and (3) find the best indicators of these carcass 
traits in the live animal. 
This publication provides a summary of most research reported since 1859 
on growth and development of the beef animal and methods used to quantita-
tively evaluate growth and development of the animal and composition of the 
carcass. Results from research accomplished during the 5 years of operation of 
NC-58 have been included. Published research on this topic has been extensive 
during the past four decades. Some valuable contributions may have been in-
advertently omitted. 
The purpose of this publication is to provide administrators, animal science 
research, teaching and extension personnel, and beef cattle producers and pro-
cessors with a concise review of research which will be helpful in the progress of 
beef cattle production. It is also intended that this review will aid in planning 
future research. 
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GROWTH AND DEVELOPMENT 
During growth and development an animal changes in form and composi-
tion. The parameters of such growth and development cannot be clearly dis-
tinguished, nor adequately defined, apart from each other. Furthermore, these 
phenomena are important processes in animal agriculture and consist of more 
than a simple increase in size or weight. There is no complete explanation as to 
why growth starts, how it is regulated, or why it stops at the definite point 
which characterizes adult development [Maynard and Loosli, 1962]. During 
growth, cellular constituents are involved in a continuous breaking down and 
building up (catabolism and anabolism), according to Schoenheimer and Rit-
tenberg [1940]. Although complex and not fully understood, the information on 
growth and development is useful in determining the stage at which a beef ani-
mal will produce the most desirable carcass. 
Growth has been defined in various ways. Schloss [1911] defined growth as 
a correlated increase in the mass of the body in definite intervals of time in a 
way characteristic of the species; Brody (1945} defined it as the production of 
new biochemical units brought about by cell division, cell enlargement, or in-
corporation of materials from the environment; and Hammond (1952) and Mc-
Meekan [1959), as an increase in weight until a mature size is reached. An in-
crease in weight may be due to intussusception of water and, according to Weiss 
[1949), growth defined as an increase in weight is scientifically of no value. Thus, 
no one definition of growth appears to be accepted universally. 
Development has been referred to as the directive coordination of the di-
verse processes into an adult or into an "organized heterogeneity" [Needham, 
1931}; involving growth, cellular differentiation, and/or development of form 
[Lewis, 1939}; progressive change [Spratt, 1954]; and changes in body, shape, 
and/or conformation until the body structure and its various parts reach maturity 
[Hammond, 1952; McKeekan, 1959]. 
Some investigators, therefore, define growth to include development. Others 
define development to include growth and no distinction is made with respect to 
mass increase consisting of bone, muscle or fat. However, Maynard and Loosli 
[1962) maintained that "true" growth involves an increase in the structural tis-
sue (muscle, bone and organs) and should be distinguished from the increase 
that results from fat deposition in the reserve tissue. But Pomeroy [1955) points 
out that " ... while it is sometimes convenient, agriculturally, to distinguish be-
tween growth and fattening, the distinction is an arbitrary one and there seems 
to be no logical reason for regarding the deposition of fat in the fat depots as 
not being part of the growth process." Brody [1945} suggested that the deposi-
tion of nonprotoplasmic substances such as fat should not be considered as 
"true" growth; yet, from the standpoint of quantitative measurement of animal 
growth as a whole, one must consider deposition of fat as part of the growth 
process. 
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Joubert [1956b] referred to growth and development as changes in size and 
shape of the individual from the time of embryo fertilization until mature pro-
portions are obtained. Though this does not include changes in composition, 
this manner of inter-relating the two phenomenon seems to be more appropriate 
than trying to make a distinction between the two (growth and development) 
and fattening. 
A fundamenal law of growth, according to Brody (1945) and McMeekan 
(1959) is that the shape of the growth curve is similiar in all species; whereas, 
Hammond (1960) reported that the order in which the various parts and tissues 
develop is much the same in all species, for it is based on the relative impor-
tance of the functions of the parts or tissues for survival of the animal. 
The order of tissue growth and development of the body follows a trend of 
necessity. The order of growth and development follows an outward trend from 
the central nervous system, bone, tendon, muscle, intermuscular fat and subcu-
taneous fat [Palsson and Verges, 1952; McMeekan, 1959) 
Joubert (1956b] found that increases in weight of muscle were relatively 
consistent throughout pre-natal life. Diameter of the muscle fibers (cells) in-
creases, but only slightly the first two-thirds of the pre-natal period . Further in-
crease in muscle weight during this period is due to hyperplasia (cell number 
increase). During the latter third of the pre-natal period, hypertrophy of exist-
ing fibers contributes relatively more to weight increase than during the initial 
two-thirds of the pre-natal period. 
The pre-natal life of the bovine may be divided into three phases: the ovum, 
the embryonic, and the fetal [Winters et al., 1942). The ovum phase lasts from 
the fertilization of the ovum until implantation or attachment has taken place. 
This period lasts for about 11 days, during which time little change in the shape 
of the embryo takes place. 
The embryonic phase, from about the 11th to 45th day, is considered as the 
time during which the major tissues, organs, and their major systems are dif-
ferentiated. During this period, the body undergoes a series of successive changes, 
though gaining little in absolute weight (Palsson, 1955]. The fetal phase is char-
acterized by heterogeneous growth of the various organs and parts of the fetus, 
resulting in great and continuous changes in the shape or form of the individual 
and a marked increase in weight gain (Figure 1) . 
At birth the various body parts of the bovine have vastly different propor-
tions in comparison to total body size at maturity. Isaachsen (1933) compared 
weight and several body measurements at birth with weight and ,body measure-
ments of mature five year-old cattle. Birth weight represented 6.5 percent of the 
mature weight. Leg length at birth was 63 percent of that at maturity; height at 
withers was 56 percent; width of hips, 31 percent; and width of chest, 37 percent, 
The difference in the relative development of the distal parts (leg and height at 
withers) and the proximal parts (hips and chest) indicates the earlier develop-
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Fig. 1. Prenatal weight growth of the bovine. 
ment of the distal parts compared to the proximal parts of the body. Brody [1945] observed that 50 percent of the height of withers was completed before 
birth as contrasted to 6 percent of the body weight. 
Body composition of the m: "born calf is influenced by the nutritional regi-
men of the dam during the gestation period. Haigh et al. [1920) observed that 
newborn calves from dams on a high plane of nutrition contained 41.2 percent 
of their body weight as flesh and 26.4 percent as skeleton. Calves from dams on 
medium and low planes of nutrition contained 38.9 and 36.5 percent flesh and 
26.9 and 29.6 percent skeleton, respectively. Most of the fat was associated with 
the internal organs. 
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Fig. 2. Live weight growth of beef cattle on three planes of nutrition. 
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Figure 2 shows weight growth curves with age of beef cattle from birth to 
near maturity [Moulton et al. , 1921]. The effects of three levels of nutrition 
(high, medium, and low) on the growth of the animal are shown. The curve of 
the animals on the high plane of nutrition more nearly follows the normal sig-
moid curve of growth [Brody, 1928}, while those on restricted nutrition follow 
a more flattened course of growth with the point of inflection coming consider-
ably later in life. Similar effects of nutrition on the growth curve have been re-
ported by McMeekan [1940a} in the pig and by Wallace [1948a} in sheep. Ac-
cording to McMeekan, at any given weight the composition of the animal's body 
is related to the shape of its growth curve. This takes into consideration the 
fact that the rate and composition of growth can be drastically altered by varia-
tion in nutrition [Eckles and Swett, 1918; Moulton et al., 1921, 1922a, 1922b; 
Hogan, 1928; McMeekan, 1940a, 1940b, 1940c, 1941 and Wallace, 1948c]. 
As animal growth and development continue after birth, body composition 
and proportions continue to change. At birth the head is relatively large; the 
legs are long; and the body is small, while in the mature animal the head is 
relatively small; the legs relatively short; and the body is large. Such changes are 
brought about because the various parts continue to grow at different rates. 
Luitingh [1962} studied developmental changes in beef steers as influenced 
by fattening, age, and nutrition. He observed that the shoulder constituted the 
slowest growing part, followed by the round, chuck, loin, plate, neck, brisket, 
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and, finally, by the fat depots, flank, cod, and kidney fat. He divided the body 
parts into three distinct categories : (1) a group where the percent change in 
weight of the body part tended to be directly proportional to the percent change 
in live weight-blood, shoulder, round, and rump, 8-llth rib area, neck, and 
the loin; (2) a group where the percent change in the weight of the body parts 
tended to be a fraction (less than unity) of the percent change in the liveweight 
-head, feet, kidney, hide, pluck, liver, and kidney fat; and (3) a group whereby 
the percent change in body parts tended to be a fraction more than the percent 
change in live weight-chuck, 12-13th rib, plate, brisket, and major fat depots 
other than kidney knob. 
The major tissues of the animal body (bone, muscle, and fat) continue to 
grow and develop at relatively different rates post-p.atally. Hammond [1933) re-
ported that this occurred in three overlapping phases, with maximum bone 
growth preceding that of muscle and muscle in turn preceding fat deposition. 
Data from Moulton et al. [1922a J are presented in Figure 3 and show fat to 
be the most rapid growing tissue, muscle intermediate, and bone the slowest 
growing tissue. The relative growth rates of the primal cuts (round, loin, rib, 
and chuck) and the thin cuts (plate, brisket, flank, neck, and shank) are shown 
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Fig. 4. Relative growth of the primal cuts (round, loin, rib and chuck) and the thin cuts (plate, 
brisket, and shanks) of the bovine. 
in Figure 4 [data from Moulton et al., 1922a}.These data show that as the ani-
mals grew older the weight of the thin cuts increased at a more rapid rate than 
the primal cuts. 
A gradient of increasing growth intensity was observed by Wallace [1948b] 
to pass upward from a center of early maximum rate of growth in the lower 
limbs of the sheep to a center of later maximum rate of growth in the loin re-
gion [agrees with McMeekan, 1940c, 1941, 1959; Palsson and Verges, 1952]. 
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Recent work by Zinn (1967) indicated that considerable variation occurred 
in growth rate of the boneless lean tissue of the various primal wholesale cuts 
(round, loin, rib and chuck) during a 270-day feeding period of steers and heif-
ers. Animals were slaughtered at 30-day intervals. The boneless tissue (closely 
trimmed retail cuts) of the rib cut made the most consistent growth over the 
entire feeding period and followed more closely the growth rate of the carcass 
than did the boneless tissue of the other cuts. The rib lean tissue had the greatest 
relative growth rate over the 270-day feeding period, followed by the chuck, 
round, and loin. Data in Figure 5 show the apparent growth gradients in bone, 
fat, and edible portion (boneless closely trimmed retail cuts) during the 270-day 
feeding period. Differences observed in the relative growth rates of the various 
tissues within periods is in agreement with other investigators [Hammond, 1952; 
McMeekan, 1940c; Palsson and Verges, 1952) that well defined growth gradients 
occur within skeletal units and other tissues of the body. 
Bone 
Bone completes a greater portion of its growth earlier in post-natal life [Mc-
Meekan, 1959; Palsson and Verges, 1952] and the ribs are apparently the latest-
developing bones of the body [Palsson and Verges, 1952). Cuthbertson and 
Pomeroy [1962) studied the skeletal regions (pelvic limb, sacrum, thoracic limb, 
thorax-loin and cervical vertebrae) of 50, 68, and 92 kg. swine carcasses. These 
results indicated that with an increase in weight the bones of the thoracic and 
pelvic region decreased in percent, whereas the skeletal regions of the thorax-
loin, sacrum and cervical vertebrae increased. It was also observed that bones of 
the lighter carcasses grew relatively more in length than in thickness, and changes 
in the bone of heavier carcasses were characterized by thickening and ossification. 
Tulloh [1964) noted that carcass bone increased as empty body weight in-
creased and reached maturity when the animal reached maximum body weight. 
A constant differential growth ratio of 0.70 was reported. Bone increased with 
body weight, but at a decreasing rate. 
Zinn [1967] reported that muscle and bone of steers and heifers developed 
at a near proportional rate during the first 150 days of a 270-day feeding period. 
From 180 to 270 days bone increased less than muscle, indicating that bone 
growth rate declined. 
Muscle 
Muscle is the major body tissue from a weight standpoint. The post-natal 
increase in size of muscles is by an increase in cell size [Joubert, 1956a). Wang 
et al. (1956] reported that muscle fibers constitute more than three-fourths of the 
muscle volume and that the size and number of individual fibers determine, to 
a great extent, the muscle volume of an animal. Hammond's (1960] report is in 
agreement with previous reports. He reported that since an increase in post-natal 
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weight of muscle is by muscle fiber diameter, the maximum adult size of the ani-
mal has been fixed at birth since differences in size between breeds within a spe-
cies are due to differences in muscle cell number and not to cell size. 
Both age and nutrition appear to exert a profound influence on the size of 
muscle fibers. The effects of age and differing nutritional regimens on muscle 
fiber diameter have been examined in cattle by Robertson and Baker [1933), 
Brady [1937), Hiner et al. (1953), Joubert [1956a], Everitt and Carter (1961), 
and Yeates (1964). The general consensus is that, in a specific muscle, there are 
certain limits to muscle fiber size which are associated with age and cannot be 
exceeded by nutritional treatments. 
Muscle fiber diameter was reported Uoubert, 1956a) to be more closely as-
sociated with muscle weight (r=.86) than age of animal (r= .75), live weight 
(r=.83), or carcass weight (r= .76). Tuma et al. (1962) found that muscle fiber 
diameter was closely related to the longissimus muscle area of the 12th rib and 
to the total estimated lean in the carcasses of beef cattle varying in age from 
seven months to 90 months. However, when the animal age effect was removed 
these relationships were non-significant. These results also suggest that fiber dia-
meter does increase with age as reported by Hiner et al. (1953] and Everitt and 
Carter [1961). J oubert (1954] concluded that the development of muscle fibers 
was essentially a function of a physiological age-weight relationship and not of 
chronological age. Joubert's (1956a] discussion of age effect on muscle develop-
ment also described the manner of post-natal muscle development. During the 
auto-accelerating phase [Brody, 1945} of growth the fiber continues to increase 
in diameter and this, together with increases in its length, accounts almost en-
tirely for the development of any particular muscle. During the subsequent auto-
inhibitory phase [Brody, 1945), when growth in general slows down, the incre-
ment in fiber size becomes progressively smaller until mature size is attained. 
Yeates [1964} showed that a decrease in the cross-sectional area of beef mus-
cle following starvation was associated with reduction in muscle fiber diameter 
and loss of intramuscular fat. The experiment suggested that the connective tis-
sue was, quantitatively, a relatively stable component. Subsequent regain of live 
weight following a period of starvation appeared to result in recovery of whole-
muscle dimensions and muscle fiber diameter. Thus, it would appear that the re-
duction in fiber diameter was due to constituents within the muscle cell. 
A report by Lawrie et al. [1964] showed that muscles from a heifer that 
superficially showed pronounced hypertrophy had a higher content of total ni-
trogen, less connective tissue, less intramuscular fat, and a higher potassium/ 
sodium ratio than corresponding muscles from an apparently normal half-sister. 
Implantation of steers with hexestrol was shown to increase muscle fiber di-
ameter [Everitt and Carter, 1961). 
Considerable variation in muscle fiber size has been shown to exist among 
different positions along the longissimus muscle and within cross-sectional posi-
tions of the muscle [Swanson et al., 1965). The smallest fibers were found over 
RESEARCH B ULLETIN 928 15 
the 12th rib and at the lateral edge of the muscle. This observation tends to 
confirm the report of Joubert [1956a}. Significant differences in longissimus mus-
cle fiber size were found among animals of the same weight and grade. Results 
of this study indicate that careful consideration should be given to sampling 
procedures when conducting investigations of this nature. 
A muscle that matures more slowly would probably furnish the most reli-
able criterion for muscle growth and development, and an index of muscle vol-
ume. The study of Joubert [1956a] further indicates that the longissimus muscle 
(especially at the junction of the lumbar-thoracic region) is a late maturing mus-
cle. Joubert (1956a} also studied the changes of width and depth of this muscle. 
He found that width attained its maximum dimension earlier than depth and 
responded more to levels of nutrition. This investigator reported correlation coef-
ficients between muscle fiber diameter, depth, and width of longissimus muscle 
(immature animals) of 0.98 and 0.93, respectively; whereas, in mature animals 
correlation coefficients were 0.96 and 0.65 for depth and width, respectively. 
Luitingh [1962] also reported that depth of longissimus muscle was later 
maturing than width. He observed that this muscle was later maturing (both 
depth and width) in the 12-13th rib and 8-llth rib section than in the chuck 
region. Width of longissimus muscle increased greater in calves than in 2 or 3-
year-old steers and less in 3-year-old steers than in 2-year-old steers. However, 
the depth of longissimus muscle increased greatest in 2-year-old steers, followed 
by calves and 3-year-old steers, respectively. Area of longissimus muscle increased 
the greatest percent in the case of 2-year-olds mainly through the effect of in-
crease in depth. 
In view of results presented by Joubert [1956a], Hiner et al. (1953 }, Everitt 
and Carter (1961] and Yeates (1964}, the use of mean fiber diameter as a crite-
rion of muscular development seems promising. However, this apparently does 
not account for the effect of growth in length of the fibers during early stages 
of post-natal life. 
McMeekan [1940b, 1941} suggested that in a specific muscle there are cer-
tain limits to muscle fiber size which are defined by age and these limits cannot 
be exceeded despite prolonged high plane nutrition. After maximum develop-
ment has been attained, additional gain in weight must be due solely to fat de-
position. Therefore, increase in muscle weight, as the animal approaches matur-
ity, without an increase in muscle fiber size can be partially explained on the 
basis of intra-musclar fat deposition. The percent of intra-muscular fat deposited 
between the muscle fibers appears t0 be more dependent upon age than plane of 
nutrition or state of fatness [Palsson and Verges, 1952; Andrews, 1958}. 
Fat 
Deposition of fat is normal in the growth and development of meat animals, 
unless they are on a submaintenance ration. As previously mentioned, there is 
some disagreement whether fat deposition should be considered as a part of the 
16 MISSOURI AGRICULTURAL EXPERIMENT STATION 
growth process. Nevertheless, the extent and distribution of fat play an impor-
tant role in the composition of the meat animal and the subsequent carcass. 
The major change in composition of the animal body depends on the level 
of fatness [Callow, 1947, 1948, 1949, 1950). Fat is normally deposited at widely 
varying rates in different parts of the body, which results in marked variation 
in the proportions of fat found in different areas [Hankins and Titus, 1939]. 
Fatty deposits appear in younger animals around viscera and kidney and, with 
increasing age and adequate caloric intake, between the muscles (intermuscular 
fat), beneath the skin (subcutaneous fat), and, lastly, in the form of marbling 
(intramuscular fat) between the muscle fibers [Andrews, 1958; Callow, 1948; 
Zinn, 1967]. 
During fattening the changes in the proportion of fatty and muscular tissue 
are paralleled by chemical changes in the tissues themselves. Fattening usually 
increases the percent chemical fat in the muscular tissue and reduces the propor-
tion of protein in the muscle [Callow, 1949, 1950]. Also, the percent of trigly-
cerides in fatty tissue increases as an animal becomes fatter and the percentages 
of other constituents (water e.g.) of the fatty tissue decrease [Lush, 1926}. 
FACTORS INFLUENCING PHYSICAL AND 
CHEMICAL COMPOSITION 
Age and Weight 
It is almost impossible to separate the effects of growth, age and nutrition 
because, under normal conditions of adequate nutrition, these three factors may 
be closely related. 
In an early study, Lawes and Gilbert [1860} reported that the proportion of 
fat to lean varied with age of animal. As the animal matured, mineral, nitro-
genous, and fatty matter all increased in actual amount. However, the percentage 
in the carcass of both mineral matter and nitrogenous substances decreased, while 
fat increased and more than compensated for the decrease in that of the other 
solid matter. 
A report by Woods [1900} indicated that steers fed two rations that differed 
in nutritive ratio were similar in total body and carcass composition. However, 
steers fed for a ten months longer period contained a smaller proportion of water 
and a larger proportion of fat than younger steers. 
Another early study by Haecker [1920}, designed to observe the changes in 
composition of the beef animal at 100 pounds live weight intervals from birth to 
maturity, revealed that the percentage of flesh (fat and lean) increased rapidly 
with increasing weight, while that of bone and tendon decreased. Figure 6 shows 
that the amounts of protein and fat stored in the body of beef cattle were ap-
proximately the same at 800 pounds live weight. Thereafter, as live weight in-
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Fig. 6. Amount of water, fat, protein and ash stored in the body of beef cattle at various live 
weights. 
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creased, the amount of stored fat became progressively greater than the amount 
of stored protein. 
Murray [1922} analyzed Haecker's data and reported that the average com-
position of the whole body at any stage could be calculated when the live weight 
and percentage of fat in it were known. 
Christensen and Simpson [1914) chemically analyzed the wholesale round, 
loin, rib, and chuck from steers varying in age from calves to three years of age. 
The animals had been fed identical rations for a period of 120 days prior to 
slaughter. The heavier carcasses contained a higher percentage of fat and less 
water. 
Experiments conducted at the University of Missouri by Moulton et al. 
[1921, 1922a, 1922b] on growth rate, age, and composition of beef steers provide 
some of the most comprehensive data to be found. Growth rate, as determined 
by height, width, and length measurements, was more rapid at an early age and 
became slower as age increased. Higher plane of nutrition increased growth rate. 
However, scantily fed cattle reached the same height at four years as full-fed cat-
tle. Maintenance rations resulted in less length, width, and circumference of body 
and lower body weight than adequate rations. Attempts made to regain these 
losses by longer feeding periods were unsuccessful. 
During growth and fattening the fatty tissue and muscular tissue of the car-
cass vary considerably. Callow [1948) observed that during growth and fatten-
ing, fatty tissues are laid down in small amounts in the intramuscular depots and 
around the kidneys, and in much larger amounts in the subcutaneous and inter-
muscular depots. The ratio of subcutaneous to intermuscular fatty tissue increased 
during fattening. The ratio between the weight of muscular tissue and that of 
bone increased throughout the fattening period, but the rate of increase progres-
sively declined as the percentage of fatty tissue increased. 
Most available data indicate that weight and stage of fattening have greater 
effect on the physical composition of the carcass than does age of animal per se. 
During the fattening period of growth, fatty tissue increases at a greater rate 
than muscular tissue. These differences in relative rate of growth become more 
pronounced as fattening proceeds (Moulton et al., 1922b; Trowbridge et al., 1919; 
Callow, 1948; Zinn, 1967). 
Callow (1944) reported that when the carcasses from cattle varying in age 
from one to four years and in live weight from 742 to 1540 pounds were arrayed 
in order of fatness, there was a decrease in the percentage of both muscular tis-
sue and of bone. Regression equations expressing these relationships showed that 
for every one percent increase in the fatty tissue of a carcass there was a decrease 
of 0.7 percent in muscle tissue and 0.3 percent in bone. 
In a study reported by Henrickson et al. (1962) the percentage of lean meat 
in the carcass tended to decrease as the age of the animal advanced from 6 to 90 
months. In terms of pounds, the total amount of lean increased, but the quan-
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tity was relatively small once the animal reached 42 months of age. The decrease 
in percentage of lean was due to increased fatness. 
Tulloh [1964} analyzed data from the literature and found that carcass mus-
cle increased in weight so long as empty body weight increased, the constant 
differential growth ratio between these two variables being 0.93. This proportion 
lowered slowly as empty body weight increased, but as Watson [1943] and Cal-
low [1944) pointed out earlier, the proportion of carcass muscle in cattle was 
always close to one-third of body weight. 
One of the most striking changes observed in the Missouri experiments 
[Moulton et al., 1921, 1922a, 1922b] was the increase in proportion of dressed 
carcass based on the live weight of the animal. A higher plane of nutrition gave 
a higher ratio. Changes which occurred in the percentages of wholesale cuts in 
general with increasing age and fatness were increases in the proportions of loin, 
rump, flank, and plate and decreases in the proportions of round, chuck and fore-
and hind-shanks. The composition of the wholesale cuts was influenced by weight 
and fatness. In general, the percent of fatty tissue increased and the percent of 
bone and muscle decreased. A gradual decline in muscle growth and an acceler-
ated increase in fatty tissue growth was observed as live weight increased from 
100 to 1200 pounds. Age and fatness in general had little influence on the dis-
tribution of total skeleton or distribution of total lean flesh. The main effect of 
age and plane of nutrition on the composition of parts and total animal was 
through a change in fat content, which increased in most cases with age and 
plane of nutrition. The last gains of approximately four-year-old steers were 
shown to consist of approximately 90 percent fat. More recent studies have also 
shown a positive relationship between carcass weight and fat content. Luitingh 
[1963) showed that for an increase of 1 percent in the live weight of steers be-
tween 600 and 1200 pounds, the carcass weight increased by 1.13 percent. Dress-
ing percentage increased as age of animal inG·eased and, also, when plane of nu-
trition was high. 
Helser et al. [1930) presented data which showed that greater fatness was 
associated with a higher dressing percent. Average values were reported of 52.41, 
54.72, and 55.60 percent for feeder calves, yearlings, and 2-year-olds, respectively, 
compared with corresponding values of 63.89, 63.55, and 62.34 percent after fat-
tening. 
Winchester and Howe (1955) and Winchester and Ellis [1957) demon-
strated that weight at slaughter had a greater influence on the composition of 
the carcass than age of animal. One steer of each pair of monozygotic twin beef 
steers was subjected to retarded growth for a period of four to six months while 
the other steer was fed liberally. After the period of retardation the steers were 
fed liberally and all steers were slaughtered at 1000 pounds live weight. No sig-
nificant differences were observed in the physical composition of the carcasses 
(estimated from 9-10-llth rib components) attributable to age even though the 
retarded animals were 10 to 20 weeks older. 
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Callow (1944] observed no significant relationship on a live weight basis 
between dressing percentage and the percentage of muscular tissue. At all 
dressing percentages studies about 31.7 percent of the live weight was due 
to muscular tissue of the carcass. Dressing percentage depended almost 
entirely on the stage of fatness of the animal. For every increase of 1 percent in 
dressing percentage on a live-weight basis, the fatty tissues of the carcass in-
creased by 1.43 percent; chemical fat of the muscular and fatty tissues increased 
by 1.47 percent; combined fat and muscle tissue increased by 1.23 percent; and 
bone decreased by 0.23 percent. Regression equations expressing the changes in 
the carcass due to fattening showed for every 1 percent increase in fatty tissue, 
muscular tissue was reduced by 0.7 percent and bone by 0.26 percent. 
Callow [1947] reported that as growth and fattening proceeded an increased 
proportion of the chemical fat was deposited in the fatty tissues and a smaller 
proportion in the muscular tissues. In the fatty tissues themselves, an increased 
proportion of the fat was deposited in the subcutaneous fatty tissues and a small-
er proportion was deposited in the intermuscular fatty tissues [Callow, 1948). 
Some variations were observed in these patterns of fat deposition which were 
attributed to age and breed of animal. Younger animals were observed to have 
less fat than expected and an early-maturing breed (Aberdeen Angus) had more 
fat than a late-maturing breed (Welsh). 
Luitingh [1942] observed that when beef steers were fattened the most rapid 
growth and greatest percentage increase occurred in the ventral parts of the body 
which are of the least value and demand by the industry. This change was more 
noticeable as the animals increased in age. Younger steers appeared to use avail-
able nutrients to a greater advantage in producing the more desirable propor-
tions (round, loin e.g.) than in the case of older steers. Luitingh stated that 
"from a point of view of body proportions, it appears that fattened carcasses have 
no advantage over unfattened ones and that advantages for fattening must not 
be sought in improvement in body proportions." This statement does not lend 
support to the existing practice of beef production in the United States where 
cattle are for the most part fattened for an extended period prior to marketing. 
Further, the statement appears to refute the concept of conformation as implied 
in U.S.D.A. Official Standards for Grades of Carcass Beef (1965) and as generally 
applied. 
The preceeding discussion indicates that increases in age of the bovine are 
accompanied by increased growth and weight in organs and parts of the body 
that serve as fat depots. As the percentage of fat increases in these depots, the 
percentage of other constituents decreases. Changes in chemical composition vary 
among animals in terms of chronological age and stage of "physiological ma-
turity." Attempts to establish the point of "physiological maturity" for various 
species of the animal kingdom have not been very successful because of the com-
plex biochemical changes which occur. Carrel (1931] observed that the tissues 
and organs of the body and the interstitial fluids and blood plasma in which they 
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are immersed constitute a relatively closed environment. No part of it can under-
go any modification without affecting the other parts. 
To date most of the work done in regard to "physiological maturity" has 
been with the levels of water, ether extractable constituents, nitrogen, and ash 
in the whole animal body or carcass. It would appear that changes in these gross 
constituents will not entirely reflect the changes which occur in other biochemi-
cal constituents such as amino acids, proteins, enzymes, carbohydrates, and in-
organic elements. 
Breed 
One of the first studies reported that illustrated the relationship of breed and 
carcass composition was conducted at Missouri Agricultural Experiment Station 
[Schwietzer, 1895). Steers of the three major beef breeds (Angus, Hereford, and 
Shorthorn), grade and scrubs, were compared in their ability to mature early, in 
their ability to produce a large edible portion of carcass, and in their rate and 
economy of gain. Angus was the earliest maturing breed while the Shorthorn 
had the ability to produce the greatest amount of edible meat in a given period 
of time. The fact that the edible meat contained a large proportion of fat was of 
little concern at that time. Schwietzer concluded that "scrubs fell so far behind 
in point of profitable beef production as to stand outside of the range of com-
parison; their absence from a farm is a test of its owner's intelligence." 
Another early report by Kennedy et al. [1905] stated that beef-type cattle 
had a distinct advantage over dairy-type, although sufficient data was not pre-
sented to verify such a claim. These investigators concluded: "It is neither profit-
able nor desirable to feed steers of dairy type for beef purposes. They are un-
satisfactory to the consumer because they do not furnish thick and well marbled 
cuts; they are unsatisfactory to the butcher because they furnish low-grade car-
casses which are difficult to dispose of, and they are decidedly unsatisfactory to 
the feeder because they yield him little or no profit, and both breeder and feeder 
waste their time in producing such a type of steer for beef purposes." 
More recent reports have been concerned principally with comparisons of 
beef breeds and either crossbreds or dairy breeds. A comparison by Riggs and 
Maddox [1955] of Brahman x Hereford steers revealed no differences in carcass 
grade or percentages of the principal wholesale cuts. Carcasses of the Herefords 
were reported to have less bone (15.0 vs. 15.3), more fat (29.5 vs. 27.4), and 
less lean (56.7 vs. 58.4) than the Brahman x Hereford carcasses. 
Dairy and dual-purpose carcasses have been compared to beef-type carcasses 
from animals of two age groups Qudge et al., 1965). When breed comparisons 
were made using animals of similar ages, the Angus carcasses were fatter and had 
lower percentages of edible portion than the other groups. Angus carcasses from 
animals of a younger age had edible portion content similar to the dairy and 
dual-purpose groups. 
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Pearson et al. (1954) reported that cattle with three-fourths Shorthorn breed-
ing had approximately the same amount of bone, more fat, and less lean than 
those with more Brahman breeding. The greater amount of far associated with 
Shorthorn breeding was due in part to more kidney and pelvic fat. 
Dressing percentage was reported by Black et al. (1934) to be higher (2 to 
4 percent) for steers that were one-half Brahman than for Herefords and Short-
horns. Carroll et al. (1955) reported that Brahman x Hereford steers and heifers 
yielded 2.2 higher dressing percent than Herefords after a period of 200 days 
drylot feeding. The crossbred carcasses had more bone and less fat than Hereford 
carcasses. Carroll et al. (1964b] later reported that cross-bred steers and heifers 
( l;4 Brahman-% Hereford) had higher dressing percentages and more flank 
than Hereford steers and heifers. Butler et al. (1956} reported Brahman x Here-
ford steers had a 2.6 percent higher dressed yield than Herefords. These differ-
ences in dressing percentage were attributed to differences in amount of intesti· 
nal tract content. Yields of wholesale curs were similar for the crossbreds and 
Herefords. 
Carcass characteristics of Brahman steers and Brahman x Shorthorn steers 
were compared by Carpenter et al. (1961}. A decrease in carcass grade was ob-
served and based on the 9-10-ll th rib cut, a decrease in percent fat and an in-
crease in percent lean occurred as the percent Brahman breeding increased. Brah-
man carcasses had the highest percentage of combined round, rib, and loin and 
the yield of these cuts decreased as Brahman breeding decreased. 
Cole et al. (1964) compared steer carcass characteristics of two British breeds 
(Hereford and Angus), Zebu (Brahman and Santa Gertrudis), and two dairy 
breeds (Holstein and Jersey). The British breeds were fatter and yielded less 
separable muscle than the Zebu and dairy breeds. Percent separable bone was 
greatest for the dairy breeds and least for the British breeds. The fatter British 
breeds had a higher percent of each of the minor wholesale cuts along the belly 
and a lower percent of the major wholesale cuts. British breeds had significantly 
lower yield of separable muscle within all wholesale cuts, except shank, than 
Zebu and dairy breeds. The Angus carcasses had the lowest percent separable 
muscle and separable bone, and highest percent separable fat. Holstein carcasses 
had the highest percent separable muscle and separable bone and lowest percent 
separable fat. Significant differences were observed between breeds in external 
and internal fat deposition and thickness of muscle (Cole et al., 1963) and in 
non-carcass components (Ramsey et al. , 1965]. Results from these extensive 
studies indicate clearly that significant differences occur in carcass composition 
among breeds. 
A study by Branaman et al. (1962) in which Holstein and beef-type steers 
were compared, indicated no appreciable differences in percent of high-priced 
wholesale cuts or total trimmed retail cuts. The difference in percent separable 
lean in the carcass between breed types was negligible. The beef-type steers had 
higher dressing percentages and graded higher than the dairy type. Carroll et al. 
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(1964a] compared carcasses from Holstein and Hereford steers and observed that 
the Hereford carcasses had proportionately less trimmable fat and more trimmed 
retail cuts from the hindquarter. In part, these differences were due to the fact 
that the Holstein steers were approximately six months older than the Herefords 
and had been fattened for a longer period of time. 
A comparison of growth and carcass characteristics of Hereford, Friesian, 
and Hereford x Friesian steers reared under the same management system and 
slaughtered at intervals of six months from six months to two years of age re-
vealed that the Herefords had more total carcass fat and a lower percentage of 
muscle in the total high priced curs (round, sirloin, and crop) than the Friesian 
(Research and Demonstrations Committee of the Royal Smithfield Club, 1966). 
The crossbreds were intermediate in these respects. At equivalent live weights 
the absolute amount of internal fat (intermuscular, kidney, cod, and channel fat) 
was similar in the Herefords and Friesians, but since there was less total fat in 
the dairy type the percentage of internal fat was greater. This would indicate 
that if beef and dairy types were judged by the amount of subcutaneous fat, the 
dairy type would in fact have more total fat because of increased amount of in-
ternal fat. 
Butler et al. (1962) compared feedlot performance and carcass characteristics 
of Hereford and Angus steers and found that the Hereford steers had a higher 
yield of loin, rib, and round and lower yield of chuck. The Herefords had a sig-
nificantly higher yield of boneless round and sirloin, whereas the Angus had a 
significant advantage in percent boneless chuck. 
Callow (1962a) reported greater differences existed in percentage of fat in 
tissues of wholesale cuts attributable to breed than to nutritional level. On the 
average, the percentage of fat in tissues of wholesale cuts was highest in Short-
horn and lowest in Hereford and Friesian. 
A major difference between dairy and beef breeds is the manner in which 
fat is distributed among the various fat depots. In the case of carcasses, the dairy 
breeds appear to have a higher proportion of kidney and pelvic far and a smaller 
proportion of subcutaneous fat than beef breeds. Differences in the level of fat-
ness of carcasses due to treatment did not significantly affect the distribution of 
fat among four depots (subcutaneous, intermuscular, kidney, and intramuscular) 
(Callow, 1961). Breed did have a significant effect on fat distribution. Friesians 
had the highest proportion of fat in the body cavity and the lowest proportion 
in the subcutaneous depot. This was reversed for Herefords, with Shorthorns 
intermediate. Friesians on comparable nutritional treatments contained more mus-
cular tissue, on the basis of both live weight and carcass weight, than Herefords 
and Herefords contained more than dairy Shorthorns. Cartwright et al. (1958) 
earlier observed differences in fat distribution patterns between Herefords and 
Hereford x Brahman crossbreds. 
At equal initial weights, animals of greater mature size had a greater pro-
portion of bone and muscle and a smaller proportion of fat when full-fed for a 
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constant period of time [Kidwell and McCormick, 1956}. This management sys-
tem did not permit both groups to reach mature weights. Based on the compo-
sition of the 9-10-llth rib cut, Holsteins had more bone and muscle and less fat 
than Herefords. 
Cahill et al. (1962) compared Herefords and Charolais and found that Charo-
lais carcasses yielded a higher percentage of total edible portion and boneless 
trimmed retail cuts than Hereford carcasses. 
The data of Klosterman et al. (1961) showed that straight-bred Charolais 
carcasses had less total fat trim and a higher percentage of total edible portion 
and bone than straight-bred Hereford carcasses. Charolais x Hereford crossbred 
carcasses were intermediate in these characteristics. 
Callow (1961) compared Hereford, Dairy Shorthorn, and Holstein breeds 
and observed that the Holstein carcasses had less fat and more lean and bone 
than Hereford or Dairy Shorthorn carcasses. The Dairy Shorthorns were inter-
mediate and the Herefords highest in percent carcass fat and lowest in percent 
lean. 
Tulloh (1964) compared carcass composition of 28 Hereford, 25 Angus, and 
18 Shorthorn steers. Results showed that the fat content was greater and the 
muscle content smaller in the rib-cuts (9-10-llth) of the Shorthorns than in 
those of Hereford or Angus steers. Differences between Herefords and Angus 
were small. 
Gregory et al. (1966), in an experiment designed to evaluate heterosis effects 
in Hereford, Angus, and Shorthorn breeds and all reciprocal crosses found that 
there were significant heterosis effects for carcass weight and net merit when ad-
justed to a constant age, 452 days. Net merit was computed as the value of the 
boneless, closely trimmed cuts (retail product) minus feed cost from weaning to 
slaughter. Carcass grade was considered in computing net merit. Heterosis ef-
fects were greater in the Hereford-Angus and Hereford-Shorthorn crosses than in 
the Angus-Shorthorn cross. Breed effects existed for many of the traits. While 
breed differences in carcass weight at 452 days were small, differences in carcass 
composition and feed efficiency resulted in rather large breed differences in net 
merit. Herefords ranked highest in net merit, the Shorthorns were lowest and 
Angus were intermediate. Carcasses from Herefords graded approximately one-
third grade lower, reflecting their lower level of marbling. 
Sex 
On of the major sources of variation which affects the growth and develop-. 
ment of the individual is its sex. This is apparently true regardless of whether 
the sex is determined at the time of conception or as a result of castration after 
birth. It is commonly accepted throughout the beef industry that there are dif-
ferences in composition and value of beef carcasses due to sex-associated char-
acteristics. 
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Daily Gain. Numerous reports indicate that bulls will gain faster than 
steers and steers faster than heifers. A summary of these reports is in Table 1. Dif-
ferences in daily gain, due to sex, appear to be consistent regardless of breed, type, 
age or weight for a given group. 
Kennedy (1958] found steers and heifers maintained similar rates of gain 
early in the feeding period. Steers maintained a high rate of gain for 140 days 
in the feedlot, but heifers decreased after 84 days. When the steers and heifers 
were slaughtered with a similar degree of finish, the differences in rate of gain 
were not significant. 
Dressing Percent. Kennedy [1958] reported dressing percent to be signifi-
cantly higher for heifers than steers when they were slaughtered at the same age. 
However, when slaughtered with similar finish, the differences between the two 
sexes were small and insignificant. These results are in agreement with those of 
Branaman et al. [1936] who found that within reasonable limits the fatter an 
animal is the higher will be the dressing percent. 
Other data comparing dressing percent between sexes are presented in Table 
2. Results suggest that heifers have higher dressing percent than do steers, but 
no conclusions can be drawn concerning bulls and steers. Bulls had the highest 
dressing percent in five studies, but steers had the highest in other studies. How-
ever, it does appear that other factors have a greater influence on dressing per-
cent than does sex. 
Carcass Grade. The sex of an animal has a profound influence on factors 
affecting carcass grade. Comparisons of carcass grade for bulls, steers, and heifers 
are presented in Table 3. Bulls graded lower than steers or heifers when slaugh-
tered at similar weight, age, or time on test. Matsushima et al. [1964] pointed 
out in their report that bulls grade lower due to deficiency of marbling and not 
due to differences in conformation. 
No conclusions can be drawn between steers and heifers in the data pre-
sented. However, Kennedy [1958] observed steers and heifers to be of similar 
grade when slaughtered at similar finish. When slaughtered after an equal per-
iod on feed, heifers graded significantly higher than steers. 
Longissimus Muscle Area. The cross-sectional area of the longissimus mus-
cle has often been used as a criterion for comparing animals. Table 4 is a sum-
mary of research comparing longissimus muscle area for bulls, steers, and heifers. 
Data indicate that bulls have larger longissimus muscle area than steers and 
steers have larger area than heifers. 
Field et al. (1964] and Owings et al. [1963] observed that bulls had larger 
(P < .01) longissimus muscle area per cwt. of carcass than steers even though 
bull carcasses weighed from 28 to 60 pounds more. Klosterman [1963] observed 
that when longissimus muscle area was expressed on a cwt. carcass basis, steers 
averaging 49 pounds more than heifers had only 0.02 sq. in. more muscle area. 
Nichols et al. (1964] also observed that 800 lb. steers had larger longissimus 
muscle area than 1000-pound ,bulls when expressed on a cwt. basis. Therefore, the 
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Arthaud and Adams [1964] 
Champagne et aZ. [1964] 
Dyer and Weaver [1955] 
Field et aZ. [1964] 
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Matsushima et aZ. [1964] 
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TABLE l~RATE OF GAIN COMPARISON FOR BULLS, STEERS, AND HEIFERS 
Daily Gain (lb./ day)a 
Pertinent Infonnation ~ Bulls Steers Heifers 
V> 
<n 
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2.19 1.82 1.52 Angus, slaughtered at similar ~ 
(8) (ll) ( 8) ages, but the second group ~ 
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z 
2.46 2.06 - Fed 250 days 
2.26 1.92 - Animals killed at 950 lbs. 
TABLE 1-(continued) 
Daily Gain (lb./ day)a 
Reference 
Bulls Steers Hei fers 
Nichols et ai. [1964] 2.20 l. 95 -( 15) ( 15) 
Owings et ai. [1963] 2.50 2.08 -
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Raimondi [1956] 2.36 2 .15 -( l 0) ( 10) 
Richter et ai. [1960] 2.54 l.95 -
(7) (7) 
Wierbicki et ai. [1955] 2.36 2.07 -
(20) ( 8) 
Wipf et ai. [1964] 2.55 l.84 -( 12) ( 12) 
Wythe et ai. [1963] 2.30 2.10 l. 70 
( 1245) ( 1004) ( 1672) 
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TABLE 2~A COMPARISON OF DRESSING PERCENT FOR BULLS, STEERS AND HEIFERS 
Reference 
Champagne et al . [1964] 
Dahl [1962] 
Dyer and Weaver [1955] 
Field et ai. [1964] 
Klosterman [1963] 
Klostennan et al. [1954] 
Nichols et al. [1964] 
Owings et al. [1963] 
Raimondi [1956] 
Richter et al. [1960] 
Wierbicki et al. [1955] 
Wythe et al. [1963] 
Bulls 
61. l 
52.0 
63.8 
59.8 
57.9 
58.5 
56.3 
61.6 
60.8 
58.5 
61. l 
Dressing Percent 
Steers 
59.3 
50.4 
57.3 
62.9 
60. l 
60.9 
58.3 
59.9 
59.6 
61.5 
60. l 
59.5 
60.8 
Heifers 
59. l 
60.2 
Pertinent Information 
16 steers and 17 heifers full-
fed in dry lot 
Bull carcasses averaged 61 lbs. 
heavier than steer carcasses 
105 steers and 92 heifers of 
similar age 
800 lb. animals 
1000 lb. animals 
Bulls were 100 lbs. heavier 
(Live Weight Basis) 
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TABLE 3~A COMPARISON OF CARCASS GRADE FOR BULLS, STEERS AND HEIFERS 
Carcass Grade a,b 
Reference 
Bulls Steers 
Arthaud and Adams (1964] 16.0 18.4 
17 .4 19.2 
Dyer and Weaver (1955] - 17 .0 
Field et ai. (1964] 18.0 20.0 
Klosterman (1963] - 19.5 
Klosterman et al. [1954] 18.0 22.0 
Matsushima et ai. (1964] 17 .0 18.6 
Nichols et al. (1964] 13. 9 14. 3 
14.7 14.3 
Wierbicki et al. [1955] 18.0 21.0 
Wythe et al. [1963] 16 .6 17.9 
al6-18, Good; 19-21, Choice 
bsee Tables l and 2 for additional information. 
Heifers 
18.2 
18.4 
18.0 
19.3 
Pertinent Information 
None of the bulls made Choice 
grade and graded lower due 
to a deficiency of marbling 
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TABLE 4~A COMPARISON OF LONGISSIMUS MUSCLE AREA FOR BULLS, STEERS AND HEIFERS 
Reference 
Arthaud and Adams [1964] 
Brown et aZ. [1962] 
Field et al. [1964] 
Klosterman [1963] 
Martis and Garwood [1962] 
Matsushima et al. [1964] 
Nichols et aZ. [1964] 
Owings et al. [1963] 
Wythe et aZ. [1963] 
Longissimus Muscle Area 
Bulls Steers 
11.10 9.80 
12.30 9.70 
12.00 10.00 
13.38 10.54 
9.87 
12.64 10.94 
13.57 12.26 
9.33 8.20 
10. 13 9.45 
11.90 10.20 
11.43 9.80 
asee Tables 1 and 2 for additional information. 
(Sq. in . ) 
Pertinent Informationa 
Heifers 
9.50 Bulls were 60 lbs. heavier 
9.40 in the carcass than steers 
and steers 30 lbs. heavier 
than heifers 
-
-
Bulls averaged 60 lbs. 
heavier 
8.79 Steers averaged 49 lbs. 
heavier than heifers 
-
Bulls averaged 60 lbs. 
heavier than steers (live 
weight) 
-
-
-
-
Bulls averaged 28 lbs. 
heavier 
-
Bulls averag_ed 50 1 bs. 
heavier in the carcass 
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effect of weight difference should be taken into consideration when making com-
parisons either on a cwt. basis or when comparing actual area. 
Finish. There is experimental evidence to indicate that sex has an influence 
on the finish of the animal. Table 5 presents a summary of data reported by a 
number of investigators. Results indicate that bulls have less external and inter-
nal finish than steers or heifers, and steers less than heifers. These results and re-
ports of Brannang [1960) and Dahl (1962) indicate that bulls have considerably 
less finish than steers and heifers regardless of whether compared on the basis 
of days on feed, age, or live slaughter weight. 
Helser et al. [1932) observed rhat as length of feeding period increased the 
proportion of fat also increased in steers and heifers, but at a faster rate in heif-
ers. Kennedy (1958} observed that steers had less finish than heifers when both 
sexes were slaughtered after the same length on feed. When steers were fed 50 
days longer than heifers they appeared to be closely marched for finish. Trow-
bridge and Moffett (1932) found that heifers reached suitable market finish 30 to 
40 days sooner than steers. 
Carcass Cutability. Bulls have less finish than steers and heifers and conse-
quently a higher yield of rerailable meat. A summary of carcass curability as in-
fluenced by sex is presented in Tables 6 and 7. These results indicate that bulls 
have a higher yield of meat than steers or heifers and steers higher than heifers 
when compared on total carcass basis or basis of major cuts. It should be ob-
served in Table 7 that extended feeding reduced the yield of retail cuts for bulls, 
steers, and heifers. 
Observations by several investigators indicate that bulls have more untrimmed 
chuck than steers, but less loin and rib [Brown et al. , 1962; Field et al., 
1964 and Martis and Garwood, 1962). Other untrimmed wholesale cuts were not 
associated with sex. However, more detailed research by Field et al. [1964) in-
dicated that when the individual cuts were trimmed of excess fat bulls had a 
higher yield of edible meat in all individual cuts. 
Zinn [1967} reported that the tissues (bone, fat and edible portion) of heif-
ers grew at a slower rate than those of steers during a 270-day feeding period. 
However, the growth pattern of these tissues was not altered by sex. 
Age at Castration. The age or stage of development at which the male is 
castrated has been investigated relative to growth rate, feed efficiency, and carcass 
composition. Klosterman et al. [1954) compared Hereford males castrated at one 
month and seven months of age and observed no differences in carcass quality 
characteristics or in rate or economy of gain in the feed lot during a 250-day 
feeding trial. 
Carroll et al. [1963 J reported on a study with identical twin calves, one of 
each pair castrated at one month of age and the other at seven months of age, to 
determine the effect of age at castration on growth rate, carcass composition, and 
feed efficiency. Results indicated that the late-castrated animals were superior in 
live weight gain and feed efficiency up to time of castration. By slaughter time, 
TABLE 5~A COMPARISON OF FINISH FOR BULLS, STEERS AND HEIFERsa 
Criteria Revi ewed 
and Reference Bulls Steers Heifers 
Fat thickness (in.) 
Arthaud and Adams [1964] .28 .31 
.39 
.29 .42 .40 
Champagne et al. [1964] .25 .40 
Field et al . [1964] .34 .67 
Klosterman [1963] 
.50 .58 
Matsushima et al . [1964] .36 .61 
Nichols et al. [ l 964] .08 .1 2 
.1 2 .15 
Owings et al. [1963] .35 .49 
Wythe et al . [1963] .38 .55 
Percent trim fat 
Klosterman [1963] 14.8 18.5 
Klosterman et al. [1954] 5.4 10 .4 Owings et al . [1963] 8.9 20.6 
Wierbicki et al. [1955] 5.7 9. 8 
7.7 11. 3 
Percent seQarable fat 
Nichols et al . [1964] 18.0 21.2 
18 .8 23.9 
Percent Kidnel fat 
Arthaud and Adams [1964] 1.8 2.3 3.5 
2.5 3. 4 4.1 
Field et al. [1964] 2. 7 3. 5 
Klosterman [1963] 2. 9 3.7 
Owings et al. [1963] 2.0 3. l 
aSee Tables l and 2 fo r additional infonnation. 
' .,, . ' 
TABLE 6~CUTABILITY COMPARISON OF BULLS, STEERS AND HEIFERS 
Reference 
Arthaud and Adams [1964] 
Breidenstein et al. [1963] 
Champagne et al. [1964] 
Field et al. [1964] 
Klostennan [1963] 
Klosterman et al. [1954] 
Owings et al. [1963] 
Pilkington et al. [1959] 
Suess et al. [1966] 
Wierbicki et al. [1955] 
Wythe et al. [1963] 
Bulls 
57.4 
54.9 
74.3 
47.7 
77 .1 
77. 7 
70.3 
47.2 
67.52 
77 .5 
52.0 
Carcass Cutability 
Steers 
53.8 
50.2 
62.86 
69.2 
42.7 
69.8 
72. 7 
73.7 
58.8 
42. l 
60 .80 
43.86 
74.1 
47.7 
aSee Tables l and 2 for additional information. 
Heifers 
52.3 
49.8 
59.95 
67.4 
40.20 
Pertinent lnfonnationa 
Percent yield of trimmed 
boneless round, loin, rib 
and chuck 
Total retail yield 
Percent edible portion of 
the carcass 
Percent chuck, rib, loin 
and cushion round 
Percent edible portion 
Percent edible portion 
Percent edible portion 
Percent boneless primals 
Estimated from 9-10-llth 
rib cut 
Percent chuck, rib, loin 
and round 
Percent edible portion 
Percent boneless primals 
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TABLE ?~EFFECT OF SEX ON BEEF CARCASS CHARACTERISTICS 
Bulls Steers Heifers 
Characteristic Group l Group 2 Group l Group 2 Group l Group 2 
Nebraska data [Arthaud, 1965] 
Number 25 24 27 24 18 8 
Carcass weight (1 bs.) 536 566 476 498 459 458 
Age (days) 447 488 450 484 457 479 
Carcass grade a 16 . 7 17 .0 17 .6 18.3 18.0 17.4 
Percentbprima l retail 
cuts 56. l 54.7 53.4 51.4 50.3 49.8 
Percent total boneless 
retail cuts 68.5 66.2 64.5 61.4 60. l 59.8 
Missouri data [Hedrick and Thompson, 1965] 
Number 6 6 6 6 6 6 
Carcass weight (lbs.) 663 783 576 680 548 635 
Age (days) 595 657 579 651 597 658 
Carcass gradea 16.3 16.8 17.2 19. 3 19.3 20.2 
Percent reta i1 cutsc 58.9 52.9 52.5 47.5 50. l 49.6 
Percent total boneless 
retail cuts 70.4 65.3 64.6 59.4 61.5. 60.0 
Number 12 12 12 
Carcass weight (lbs.) 608 592 603 
Carcass gradea 17.4 18.5 19 .o 
Percent retail cutsc 54.7 49.7 46.3 
Percent total boneless 
retai l cuts 74.6 67. 1 62.7 
al? - average good; 18 - high good; 19 - low choice; etc. 
bBoneless retail cuts from round, loin, rib and chuck. 
cAll boneless retail cuts from round, loin, rib and chuck 
except bone left in short loin. 
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at approximately 18 months, these differences had been eliminated. Carcasses from 
both treatments were similar except a slightly greater percentage of the total 
muscle occurred in the thoracic and abdominal muscles of the late-castrated ani-
mals than in the early-castrated ones. More of the total fat occurred as subcuta-
neous fat in the late-castrated animals than in the early-castrated ones. 
Data available indicate that bulls surpass steers and steers surpass heifers in 
feed efficiency and rate of gain [Cahill, 1964]. At comparable age or length of 
feeding period heifers produce carcasses that are normally fatter than those of steers 
and steers produce carcasses that are fatter than those of bulls. Dressing percentage 
is variable and is influenced by factors other than sex. Bull carcasses have greater 
longissimus muscle area per unit weight, less trimmable fat, and, consequently, 
a higher yield of retailable meat than either steer or heifer carcasses. Steer car-
casses usually yield more retailable meat than heifer carcasses. 
During the early part of this century little concern was given in the industry 
to the proportion of fat and lean in beef carcasses. More emphasis was seemingly 
given to dressing percentage and quality grade. More recently several studies 
have shown the economic value variation that exists among beef carcasses of the 
same quality grade and weight [Breidenstein, 1962; Bray, 1964; and Cramer et al., 
1964]. Several revisions in U.S.D.A. standards for grades of carcass beef have en-
couraged the production of beef with less fat. The most recent change in U.S.D.A. 
standards for carcass beef (1965) should further encourage production of beef 
with less fat. The increasing world population, the inefficiency of cattle in con-
verting roughage and feed grains to fat, and the declining demand for far as a 
human food, leave little doubt but that increased emphasis will be directed to-
ward production of more lean meat and less fat. Research data indicate that pro-
duction of beef by bulls is one solution to more efficient beef production. 
Variation in Chemical Composition of Muscle 
Since the early work of Lawes and Gilbert (1859), numerous studies have 
shown that the chemical composition of beef tissue differs from one part of the 
body to another. The data of Moulton et al. (1922b] showed that the chemical 
composition of the "defatted" muscle from the rib, loin and round varied in 
ether extractable constituents from one cut to another. The rib muscle had the 
higher percentage with the round having the lower percentage of ether extract-
able constituents. These data also indicate that a considerable period of time on 
feed was necessary before large increases in intramuscular fat deposition occurred. 
Data in Table 8 show changes in ether extractable constituents and moisture 
of select muscles during growth and fattening. Intramuscular fat deposition 
tended to be proportional in the three anatomical locations during the growing-
fattening period. The percentage of water in muscle tissue appeared to follow a 
general pattern as length of time on feed increased. On a fat-free basis, the per-
centage of water in the tissue was highest at the start of the feeding period and 
as the animals approached maturity the decrease tended to level off. 
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TABLE 8-=-PERCENT ETHER EXTRACTABLE CONSTITUENTS AND MOISTURE 
OF MUSCLE TISSUE FROM STEERS AND HEIFERS BY ANATOMICAL LOCATION 
AS INFLUENCED BY DAYS ON FEEDa 
Days % Ether Extract % Moistureb 
on feed 
Triceps Long is- Semimem- Triceps Longis- Semimem-
brachi i simus branosus brachii simus branosus 
0 1.84 1. 36 1.46 79.25 78 .11 78.56 
30 1. 78 1. 91 1. 36 78.67 77.63 77 .51 
60 1.83 1.86 1. 73 78.13 77 .66 76 .98 
90 2.09 1. 97 2.02 77. 71 76.78 76.86 
120 2.68 2.66 2.87 77 .88 76.92 76.70 
150 4.45 3.45 2.65 77 .68 76.50 76.47 
180 3.38 3.30 3.83 75.11 74 .24 74. 51 
210 3.95 3.75 3.09 74.69 72.90 73.73 
240 4.56 6. 13 4.98 75.01 74 .13 74.06 
270 4. 79 6.03 5.21 75.12 74.11 73 . 19 
aData from Zinn [1967). 
bCalculated on fat free basis. Twenty animals represented in each period. 
Callow [1947) and Lawrie and Kirton [1956) reported that age had a sig-
nificant effect on the percentage of chemical fat in muscular tissue. Young ani-
mals had less chemical fat in their muscular tissues than would be expected for 
their level of fatness. Breed also influenced the amount of chemical fat; the early-
maruring Aberdeen Angus had more fat in its muscle tissues than the late-matur-
ing Welsh. As fattening progressed, the percentage of chemical fat in the tissues 
increased, but a considerable variation was observed between individual animals 
[Callow, 1948]. Lawrie (1961] presented evidence that breed has a marked effect 
in determining the chronological age at which the longissimus muscle enters 
the fattening phase of growth and further that sex influences both the nature and 
the quality of fat deposited. These observations indicate that factors other than 
general level of fatness influence the amount of intramuscular fat in the longissi-
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mus muscle and chemical composition of the muscular tissues in general. Callow 
(1949] suggested that tissues in different parts of the body vary in physiological 
maturity. As a consequence, the variable chemical compositions of tissues ex-
hibit growth gradients similar to growth gradients described by Hammond [1960) 
at the anatomical level. 
When the chemical composition of other constituents of the muscle are 
compared on a fat-free basis less variation exists than in the case of intramuscular 
fat. Based on the data of Moulton et al. [1922b] which apparently showed no 
consistent differences in the chemical composition of muscle from the rib, loin, 
and round on a fat-free basis, Moulton (1923] assumed that the beef animal 
reached chemical maturity at from five to ten months of age. Later Hopper 
[1944] used the data of Moulton et al. [1922b] and data from the North Dakota 
station and observed a slight decrease in moisture and an increase in ash and 
protein on a fat-free basis as age increased. The change in composition was large-
ly attributable to age and not to level of fatness. 
Reid et al. (1955) analyzed published data (Lawes and Gilbert, 1859, 1860; 
Jordan, 1895; Moulton et al., 1922b, 1923; Haecker, 1920; Trowbridge et al., 
1918, 1919; Haigh et al., 1920; Meigs et al., 1935; Ellenberger et al., 1950} and 
found when chemical composition of the whole empty body was reduced to the 
fat-free basis, age of animal was significantly correlated with the percentages of 
water (-0.46), protein (0.44), and ash (0.43). When composition of the whole 
empty body was reduced to a fat-free dry basis, age of animal was correlated 
significantly with percent protein (-0.42) and ash (0.42). In terms of Moulton's 
[1923} definition of chemical maturity, the data of Reid et al. (1955} indicate 
that the bovine is "immature" from birth until about 200 days of age, at which 
time it enters a transitional stage lasting until about 500 days of age, after which 
the animal is about mature chemically. Further, actual consistency of composition 
or true chemical maturity as conceived by Moulton was not reached during the 
first 4,000 days of life by the cattle used in this study. These investigators sug-
gested that if chemical maturity is defined as the age at which the composition 
of the fat-free body becomes predictable or conforms closely to a mathematical 
generalization, then the bovine body is chemically mature at birth. Mathemati-
cal relationships derived in this study were suggested as possible means for evalu-
ating body composition. Fat content (Y) of the whole em_pty body could be de-
rived from the water content (X) by use of the equation Y = 355.88 + 0.355X 
- 202.91 log X. 
Management and Nutrition 
Variation in the quantitative characteristics of beef as affected by manage-
ment and nutrition practices has only received serious attention since the turn of 
the century. Apparently the first to determine the chemical compositions of cattle 
of various ages and degrees of fatness was the often cited investigation of Lawes 
and Gilbert conducted in late 1849. A period of approximately 60 years elapsed 
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before Moulton and co-workers at Missouri in 1907 and Haecker at Minnesota 
in 1908 initiated comprehensive investigations to determine the composition of 
beef steers at various stages of growth. 
Haecker [1920] raised a large number of steers from birth, determined the 
actual daily food consumption of each individual, and slaughtered animals at 
regular live weight intervals. Each animal was dissected and chemically analyzed; 
the foods they consumed also were chemically analyzed and recorded. The amount 
of feed given the cattle was intended to provide the steers with sufficient feed to 
satisfy the appetite with a minimum of wastage. Data from this study (Figure 7) 
clearly show that progressively more total nutrients were consumed per unit of 
live weight gain as live weight increased. 
The investigations of Moulton et al. [1921; 1922a,b] were comprised of 62 
beef-type steers divided into three groups. Group 1 steers were full-fed; Group 
2 steers were fed for maximum growth without storage of surplus fat; and Group 
3, so that growth was distinctly retarded. The animals were slaughtered at time 
intervals, and detailed separation and chemical analyses were made of the various 
body components and the data published in complete detail. These data perhaps 
have been used more frequently than any other published work relating to beef 
cattle production. Insofar as can be determined no investigation has been con-
ducted since that is as comprehensive in scope. Data from this investigation 
(Figure 8) clearly showed that full-fed steers were more efficient in converting 
feed to human food. However, it should be pointed out that total fat in the car-
cass and offal fat were included in these calculations by Watson [1943]. In terms 
of edible protein yield per amount of protein consumed, steers of Group 1 were 
more efficient in their conversion than either of the other groups (Figure 9). 
Further, the efficiency of conversion declined rapidly as the animals increased in 
size, the rate of decline being less for the full-fed steers. 
Watson's analysis of these data emphasizes the physiological efficiency of a 
high nutritional plane. Doubling the food intake over maintenance increased 
efficiency 4.8 times. Full-feeding to a weight of 840 pounds live weight with a 
carcass fat content of about 22 percent and a carcass yield of 60 percent gave 
highest efficiency, if evaluated on protein return. If evaluated on an energy basis 
alone, a live weight of 1700 pounds, with 35 percent fat in the carcass and a car-
cass yield of 64 percent, was most efficient. If both fat and protein were con-
sidered in relation to popular preference, then 1150-pound animals, 24 percent 
fat in the carcass, with a carcass yield of 59 percent had highest efficiency. 
The percentages of lean, bone, and fat in the carcasses (Figure 3) were re-
lated to planes of nutrition the steers were maintained on in the investigation of 
Moulton et al. [l922a]. Carcasses of Group 1 (full-fed) compared to those of 
Groups 3 (fed for restricted growth) and 2 (fed for normal growth) contained 
progressively more fat and less lean and bone as age of animal increased. In 
terms of total amount of lean in the carcass, Group 1 carcasses had more than 
Group 2 carcasses and Group 2 more than Group 3. 
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Figure 7. Comparison of nutrients consumed to live weight gain of steers. (Data from Haecker, 
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500 1000 
Pounds Live Weight 
Octa from Moulton et. al. ( 1921; 1922 a, b), 
Calculations mode bYWOtson (1943) . 
Group l. Full fed. 
Ji. Group 2. Fed for maximum growth 
without storage of surplus Fat. 
• Group 3. Fed for retarded growth. 
1500 2000 
Fig. 8. Comparison of the conversion of feed to human food by steers on three different planes of 
nutrition. 
Tayler (1964) calculated the muscle:bone ratio from Moulton and co-work-
ers' data and observed that the ratio increased as the steers increased in weight 
and also that the increase in ratio was positively related to plane of nutrition. 
These observations indicate the importance of considering total amount of mus-
cle produced as well as percentage composition when evaluating beef carcasses 
produced on varied planes of nutrition. It is also important to know the quantity 
of intramuscular fat if lean body mass is to be predicted accurately. 
The implantation or addition of diethylstilbestrol to the ration of cattle 
(mainly steers and heifers) currently is a common practice. Several reviews have 
been presented on this general topic (Kastelic, 1954; Reddish, 1955; and Adams, 
1957). Varied results have been reported in regard to effects this synthetic hor-
mone has on carcass characteristics. This might be expected in view of varia-
tions which existed among experiments in factors such as sex of animal, age of 
animal, plane of nutrition, type of ration, stage of growth, and level of hormone 
administration. However, results indicate that diethylstilbestrol increases muscle 
growth and retards fat deposition in the steer and heifer. 
20 
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Dato from Moulton et. cl. (1921; 1922 a, b) 
Calculations mode l)yWOtson (1943) 
Group 1. Full-fed. 
A Group 2. Fed for maximum growth 
without storage of surplus fat. 
• Group 3. Fed for retarded growth. 
41 
~ 15 
~ 
-0 
0 
c. 
c 
·;; 
0 
c. 
. 
..a 
'ti 
. 
.2 
-0 
• 10 
E 
;: 
c 
e 
c 
·;; 
0 
c. 
500 1000 1500 2000 
Pounds live Weight 
Fig. 9. Comparison of digestible protein consumed by steers on three different planes of nutri-
tion to amount of edible protein produced. 
Many studies have been devoted to the various phases of growth as influenced 
by various nutrients and nutritional levels. For the most part the chief concern 
has been with "normal" growth rates. However, systems of management that 
include periods when growth of cattle is retarded by varying degrees are quite 
common. One of the first contributions on this topic was that of Waters (1908}, 
who noted that calves underfed so as to prevent any gain in weight continued to 
grow. Hogan (1929} reported on experimental work initiated in 1914 to deter-
mine the effect of delayed growth on the subsequent mature size of beef steers. 
The length and the severity of underfeeding affected the rate of recovery and the 
mature size on subsequent full-feeding in this study. Steers full-fed to maturity 
following retarded growth developed proportionally in conformation. A low 
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plane of nutrition lengthened the growing period as compared to an adequate 
plane of nutrition, and if severe undernutrition persisted longer than three years, 
mature size was reduced. 
Guilbert et al. (1944), reported a study of growth of beef steer calves during 
the dry season in California in which one group was fed to gain weight con-
tinuously and another group was retarded and then full-fed. They stated, "from 
the standpoint of total feed required to produce a unit of product, greatest effi-
ciency is obtained from a high plane of nutrition, with continuous growth and 
development." Since both groups were slaughtered at the same time, the group 
fed to gain continuously had significantly heavier carcasses but no significant 
difference was observed in average fatness of the two groups. 
Hedrick (1955) reported on a study in which yearling Hereford steers were 
fed during the winter to gain 1.5, 1.0, and -0.4 pounds per head daily, followed 
by finishing in dry lot to an average grade of Choice for each group. Carcasses 
from cattle on submaintenance winter nutrition had significantly more separable 
fat, less separable lean in the 9-10-P th rib cut, and less ether extractable con-
stituents in the ribeye than carcasses from the groups on higher planes of winter 
nutrition. Submaintenance wintering markedly extended the time required in the 
feed lot to reach the Choice grade. 
Winchester and Howe (1955) used six pairs of identical steer calves to de-
termine the effect of an interrupted growth period on efficiency of feed utiliza-
tion, proportion of lean meat in the carcass, and quality of meat. One steer of 
each pair of twins was subjected to growth retardation for about six months (6 
to 12 months of age) by feeding 50 to 75 percent of the energy supplied by a 
liberal ration. Following this period these animals were full-fed to slaughter 
weight (1000 pounds). The other steer of each pair was full-fed continuously to 
slaughter weight. In most instances the retarded steers reached slaughter weight 
from 10 to 20 weeks later than did their unrestricted twins and attained this 
weight on approximately the same energy intake _because of more economical 
gains following the period of retarded growth. Estimation of carcass composition 
from separable components of the 9-10-llth rib indicated that the composition 
of the carcass was not appreciably altered by a restricted period of growth. 
Figure 10 shows that as carcass weight of steers increased during an extended 
period of full feeding, the percentage of boneless trimmed retail cuts from the 
primal cuts decreased. Figure 11 shows that full feeding steers beyond the aver-
age good grade resulted in very little increase in actual pounds of trimmed retail 
cuts. Although the steers made good live weight gains, most of the actual gain 
was in fat which was subsequently removed. Percentages of retail cuts gradually 
decreased during the extended period of feeding. These data indicate that the 
common practice of feeding steers for an extended period to a high degree of 
finish results in very little increase in actual saleable retail cuts. 
Garrigus et al. (1967) and Johnson et al. (1967) studied the effects of several 
feeding regimens on carcass traits at various stages of growth. Various combina-
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tions of hay, corn silage and corn concentrates were fed to 104 Angus steers. The 
steers were slaughtered at 475, 625, 850, 900, and 1000 pounds live weight. Fig-
ure 12 shows that percentage of edible portion and total fat trim were influenced 
by these feeding regimens, particularly during the last part of the feeding period. 
A retail yield study by Cramer et al. [1964} showed that variation in retail 
yield was largely a function of carcass fat which has some economic implications 
somewhat remote from beef retailing. Fat deposition usually occurs with rela-
tively heavy feeding of grain in the later stages of the feeding process. If the 
present marketing system accurately reflected value differences and the cost of 
excess fat deposition in the later stages of feeding were considered, there prob-
ably would be an inducement for cattle feeders to market cattle at lighter weight 
and with less finish. In another beef pricing study by Schupp et al. [1965} there 
was evidence of a lack of general realization by the present marketing system of 
the potential of estimated retail yield as a measure of carcass value. The price 
tended to vary directly with grade and retail yield varied inversely with grade. 
If the packers had bought exclusively on the basis of estimated retail yield, they 
would have almost reversed their buying and paid most where they actually paid 
least and vice versa. 
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INDICES OF GROWTH, DEVELOPMENT AND 
CARCASS COMPOSITION 
Live Weight Gain 
The most widely used measure of growth is the increase in weight of the 
live animal. Growth in weight is usually expressed in one of several ways. The 
more common form is absolute gain in weight per unit of time and may be ex-
pressed as average daily gain, average growth rate or rate of gain (W 2-W 1/ t2-t1 , 
where W 2-W1 is the gain in weight during the period of time t2-t1 ) . Brody 
(1945) suggested that " ... the concept of average rate, when applied to growth 
is an abstraction, and when the average extends over a considerable period of 
time it gives no idea of the actual rate at any given age." However, Brody (1945] 
and Pomeroy (1955] pointed out that if the interval of time for which the aver-
age is computed is short, the value more nearly approaches a true measure of 
growth. 
The average growth rate is commonly used in beef cattle experiments but 
gives no indication of the changes occurring in body or carcass composition. Re-
search by Scheper and Bach (1963) indicated that daily growth was not closely 
associated with the daily increase of the muscular tissue. These investigators 
further stated that daily total growth and the daily increase in muscular tissue 
were influenced most by the initial weight and the weight interval. Cartwright 
et al. [1958} and Knox (1957) have suggested that animals with a higher daily 
gain reach a given weight more rapidly and have more lean than slow gaining 
cattle. Hedrick et al. (1963] reported significant correlation coefficients between 
daily gain and trimmed primal cuts and trimmed wholesale cuts of 0.41 and 0.41, 
respectively. The Hereford steers in this study were slaughtered at a constant 
weight. A correlation coefficient obtained by these workers between fat thickness 
and daily gain of -0.26 further suggested that faster growing cattle, when fed to 
a constant weight, have more lean and less fat. Similar results have been reported 
by Brumby et al. (1962), Gallagher (1963), Varney and Kemp (1962}, and 
Iwanaga and Cob.b (1963]. 
When cattle are fed for a standard period of time, there is an inverse rela-
tionship between daily gain and muscle development (Alexander, 1961; Rollins 
et al., 1962; Cartwright, et al., 1958}. This can probably be explained in the man-
ner that Joubert (1954) explained the development of muscle fibers. That is, fat-, 
tening is a function of a physiological age-weight relationship and not of chro-
nological age. Therefore, faster gaining animals fed the same period of time as 
slow gaining animals will deposit a greater amount of fat which, when expressed 
on a part-to-whole relationship (pounds fat to pounds of carcass), will show a 
positive relationship to rate of gain. 
An alternative method of expressing growth rate is by means of the "rela-
tive growth rate." The weight gained in a given time is expressed in relation to 
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the weight at the beginning of that time. Relative growth is normally expressed 
by the formula W 2-W1/W1 , where W 1 is the initial weight and W 2 the final 
weight. The expression of growth can be misleading because if the gain in 
weight is large in comparison to the initial weight the results will give no mea-
sure of growth at the time when the final weight is obtained (Brody, 1945; 
Pomeroy, 1955]. Again, the formula will give no indication of the degree of fat 
deposition or muscle development. 
Brody (1945] has suggested that instead of the average growth rate, the "in-
stantaneous growth rate" should be used. This criterion is obtained by dividing 
the instantaneous weight gain (dW / dt) by the weight (W) of the animal at 
which the instantaneous weight gain is measured. Because of the difficulty of 
measuring instantaneous weight gain, the formula is used in an integrated form 
(i.e., W = Aekt, where e is the base of natural logarithm and A is the natural 
logarithm of W when t=O). Pomeroy (1955] suggested that this formula was 
applicable only to the self-accelerating phase of growth, where the relative growth 
rate was a function of growth already made. The study of growth by this method 
has not found widespread use in the meat industry, but has in environmental 
physiology studies of growth (Ragsdale et al., 1957; Johnson and Ragsdale, 1959]. 
Biopsy 
Biopsy techniques have been developed which facilitate the study of body 
composition changes without sacrifice of the animal. Bray (1953] described the 
biopsy procedures developed for hogs by Merkel and for cattle by Batterman and 
Wilson. Some of the limitations of the biopsy technique listed by Bray were that: 
(1) certain muscles cannot be used without affecting the normal function of the 
animal; (2) the site of biopsy may be limited because of the difficulty in providing 
natural drainage for various areas of the body; and (3) there is the problem of 
getting a representative sample of an individual muscle or entire animal. How-
ever, the technique could well be used for the study of muscle fiber growth, mus-
cle development, fat deposition, and possibly bone growth. Samples could be 
obtained initially on one side of the animal, then at the corresponding location 
on the other side at the conclusion of the test or during the period of study. 
Everitt and Carter (1961] used a biopsy technique to determine muscle fiber 
changes in 2 and 6 year old steers as affected by hexestrol implants. These in-
vestigators chose the semitendinosus muscle for analysis because this muscle was 
of sufficient size to withstand sampling; it was easily defined in the live animal, 
of late post-natal development, and it was highly correlated with the muscle 
mass of the animal. 
Herold and Nelms (1964] successfully demonstrated the use of the biopsy 
technique on the longissimus muscle to study the relationship of striated muscle 
nuclei numbers and growth in beef cattle. 
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Live Subjective Appraisal 
The value of beef cattle when sold alive in most instances is based on ob-
jective measures of live weight and subjective appraisal of the expected qualita-
tive and quantitative characteristics of the carcass. Two reports by Gregory et ai. 
[1962, 1964) indicate that trained personnel can estimate group means of live 
cattle more accurately for curability than for qualitative differences. Live esti-
mated curability accounted for approximately one-half of the variation in actual 
curability accounted for by estimated curability of the carcass from a regression 
equation using carcass weight, rib-eye area at 12th rib, fat thickness at 12th rib, 
and estimated percent kidney fat. However, subjective estimates of the live ani-
mal accounted for only 20 to 25 percent of the variation in carcass traits. A study 
by Stringer et ai. [1963} indicated that estimates of retail yield in the live animal 
were associated with 12 to 15 percent of the variation in actual retail yield. How-
ever, carcass estimates were associated with approximately 50 percent of the varia-
tion in actual retail yield. 
Although reports indicate that only a relatively small percentage of the 
actual variation in retail cuts can be accounted for by live estimates, these esti-
mates do appear as reliable as the traditional estimates of dressing percent and 
carcass grade. 
Ultrasonics 
A continuous measure of growth and fattening is preferred over gain in live-
weight which does not provide an index of the changes in composition. Such a 
measurement of growth would be of additional value, since superiority in carcass 
composition should be identified with cattle that possess optimum growth poten-
tial. Results reported by Hedrick et ai. (1963) and Meyer et ai. (1966) suggest 
a possible means of measuring growth at various intervals of the animal's growth 
and development period. An ultrasonic instrument was used to measure the 
longissimus muscle of beef steers and bulls at various intervals five months prior 
to slaughter. Significant correlation coefficients ranging from 0.59 to 0.71 be-
tween estimated longissimus muscle area 5 months prior to slaughter and actual 
longissimus muscle area of the carcass were reported. 
Several research workers have demonstrated the ultrasonic technique to be a 
relatively accurate method for determining longissimus muscle area and fat 
thickness of cattle. A summary of these results is in Table 9. The results are 
variable; they suggest that the principle and sensitivity of the method warrant 
further refinement. 
The measure of muscle size and thickness with the ultrasonic instrument, at 
locations other than the longissimus muscle, further demonstrates the instru-
ment's potential. Davis and Long (1962) reported favorable results for measure-
ments of the biceps femoris, total forearm thickness and forearm thickness (out-
side to bone). 
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TABLE 9~REPORTED COMPARISONS OF ULTRASONIC MEASUREMENTS OF FAT AND 
MUSCLE IN BEEF ANIMALS AND ACTUAL MEASUREMENTS TAKEN OF THE CARCASS 
Correlation Coefficients 
Between Ultrasonic and 
Actual Measurements 
No. of Fat Longissimus 
Reference Animals Thickness Musel e Area 
Temple et aZ. [1956] 0.63 
Stouffer & Wellington [1960]; and 54 0.35** 0.49** 
Stouffer et aZ. [1961] 82 0.32** 0.22* 
16 0.54** 0.85** 
47 0.42** 0.87** 
Davis and Long [1962] 60 0.90* 0.85** 
Morrow and Wideman [1962] 100 0.85** 
250 0.89** 
350 0.90** 
143 0.94** 
Hedrick et aZ. [1962] 47 0.53** 0.58** 
71 0.63** 0.89** 
57 0.55** 0.75** 
Lauprecht et aZ. [1962] 54 0.68** 
Al smeyer et aZ. [1963] 204 0.46~** 
210 0.61 ** 
256 0.60c** 
183 0.55d** 
Temple and Ramsey [1963] 0.89** 0.70** 
Davis [1963] 69 0. 67** 0. 40* 
Brown et a Z. [1964] 45 0.46** 0.78** 
Sumption et aZ. [1964] 770 0.41-0.80** 
(14 gps) 
Davis et aZ. [1965] 51 0.96** 0.93** 
Meyer et aZ. [1966] 24 0.82** 
28 0.92** 
~Measurement taken 2 in. lateral of midline. *P<.05. **P<.01. 
bMeasurement taken 3 in. lateral of mi dl ine. 
CMeasurement taken 4 in. lateral of midline. 
dMeasurement taken 5 in. l atera1 of midline. 
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Although the ultrasonic instrument has .been demonstrated to be a relatively 
accurate technique, problems in its use for live animal measurements have been 
encountered. Some of the major problems encountered have been summarized 
by Backus [1963] and Hedrick et al. [1963]. Recommendations to follow in mak-
ing ultrasonic measurements of the live animal were proposed by Meyer et al. 
[1966}. 
Photogrammetry 
Measurements of the live animal which are not detrimental to the animal 
and are reliable indicators of body composition are in demand. Armour and Com-
pany [1962] adapted such a technique for the evaluation of beef cattle. Pho-
togrammetric methods were utilized to study live animal size, shape, and surface 
area characteristics and their usefulness in predicting various characteristics of the 
carcass. Results indicated that this method was promising with respect to ac-
curately evaluating live animal size, shape, and surface characteristics. Evaluation 
of marbling and fat thickness did not give as high a degree of accuracy. 
More recently Brinks et al. [1964] studied the relationships of wholesale 
cuts of beef to live weight and linear measurements obtained with the photogram-
metric method. Their results indicated a higher degree of accuracy for predicting 
pounds than for predicting percent of untrimmed wholesale cuts. 
Subjective Carcass Conformation 
Historically, considerable emphasis has been placed on conformation in the 
development and production of beef animals. Conformation is included in U.S.D.A. 
beef grade standards (1965) mainly because "superior conformation implies a 
high proportion of meat to bone and a high proportion of the weight of the 
carcass or cut in the more valuable parts." This trait is measured subjectively 
and is dependent upon muscle thickness, depth, and length and, to a variable ex-
tent, upon fat depots, both subcutaneous and intermuscular. Conformation as 
implied in grade standards is an estimate of muscle shape and thickness. How-
ever, one immediately recognizes the possibility of scoring conformation higher 
in fat carcasses and lower in carcasses with less fat. 
The early efforts of organizations such as the Better Beef Association to initiate 
grading of carcass beef had as their goal the promotion of beef from well-fed and 
well-bred beef cattle rather than beef from "scrub' and dairy cattle. The story of the 
dedicated, and often colorful, personalities involved in the struggle to obtain 
carcass grading [see Kiehl and Rhodes, 1960] is of current interest because many 
of the opinions advanced are currently practiced by the industry. 
Few research reports are available on degree of relationship between carcass 
conformation and retail yield, yet enough evidence is available to indicate that 
its effect is far less than that for fat thickness or fat deposits inside the carcass [Bray, 1964}. 
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After detailed studies on carcass composition of cattle, sheep and swine, Cal-
low (1949} concluded "that the major changes in anatomy of carcasses and in the 
chemical composition of their tissues largely depend on the level of fatness of 
the carcass." Butler (1957} concluded from results of studies conducted at the 
Texas Agricultural Experiment Station that "the animal breeder has considerable 
latitude in selecting animals of different shapes without encountering great 
changes in the proportion of wholesale cuts." He implied that good conforma-
tion has economic significance in merchandizing whole carcasses but may be less 
important in merchandizing retail cuts. 
Kidwell et al. (1959} compared feeder cattle conformation and its relation-
ship to rate of gain and various carcass characteristics. Ten yearling steers were 
used for each of five feeder grades (Inferior to Choice). Conformation scores 
were not indicative of the subsequent rate or economy of gain, or percent whole-
sale cuts. However, conformation scores were associated with carcass grade, dress-
ing percent, higher fat and lower muscle yields. 
·Available data with regard to conformation of live cattle suggests that there 
is an association between conformation and muscling in the young, unfattened 
animal [Greiman, 1961). As the animal increases in weight and finish the rela-
tionship decreases because of the inability to determine that portion of desirable 
conformation which is due to muscling and that due to fat. The fact that as ani-
mals increase in weight, under optimum conditions, a proportionate increase in 
percent fat and decrease in percent muscle will occur further hinders the 
use of live animal subjective conformation scores for the determination of body 
composition changes during growth and fattening (Swiger et al., 1963]. Gal-
lagher (1963} reported that there was no relationship between initial conforma-
tion score and an animal's subsequent performance. He further suggested that 
our ideas of conformation in the live animal must be altered if we are to obtain 
the maximum yield of high priced cuts. 
The literature indicates that conformation and type have very little relation-
ship with measures of carcass merit. Knox and Koger (1946} pointed out that 
type affects only size and dressing percentage. The report of Butler et al., (1956} 
reflects some doubt on the importance of compactness as a desirable conforma-
tion factor in beef cattle. Pearson (1966} concluded from reported research that 
beef and dairy cattle finished under the same conditions had similar retail cut-
out. Beef cattle tended to have a higher dressing percent and a greater amount 
of separable fat. 
Pierce (1957} reported a small but significant positive relationship between 
conformation grade and yield of closely trimmed retail cuts from the round, loin, 
rib, and chuck. The relationship .between finish grade and yield of retail cuts 
was negative and accounted for considerably more of the variation in retail yield 
than did conformation grade. 
Goll et al. (196la} reported on data from 90 carcasses selected for average 
conformation, finish, and quality within the Standard, Good, and Choice grades. 
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Lower grade carcasses were longer in body, hind leg, and loin. Considerable dif-
ferences in yields of wholesale cuts were observed within the same grade and 
weight groups. Finish or the amount of fat exerted more influence on yields of 
wholesale cuts than conformation. 
Breidenstein [1962} reported no relationship between conformation and yield 
of retail cuts in steer carcasses grading primarily Good and Choice, but observed 
that an increase of one-third of a grade in conformation in heifer carcasses re-
sulted in an increase of 0.34 percent retail yield. 
Tyler et al. [1964} compared high Choice conformation and low Good con-
formation carcasses. The average yields of boneless retail cuts from the round, 
loin, rib, and chuck were practically the same for the two groups. However, in 
this study the Choice conformation carcasses were fatter, which suggests if fat 
thickness had been the same the higher conformation carcasses might have yielded 
slightly higher than the lower conformation carcasses. Stringer et al. [1965} com-
pared average good and average choice conformation steer carcasses of similar 
weights and fat thicknesses over the 12th rib. There were no sigfinicant differences 
in the total boneless retail yield of the carcasses from the two conformation groups 
or in retail yield of the combined round, loin, rib, and chuck. When retail yield 
was computed on the basis of carcass weight minus internal fat (kidney knob, 
pelvic, and heart fat), no significant differences were evident in retail yield values. 
Martin et al. [1966} used 10 low choice and 10 high standard conformation 
steer carcasses paired on carcass weight, longissimus muscle area, and fat thick-
ness at the 12th rib to study the yield of closely trimmed boneless thick and thin 
muscles. Thick muscles of the hindquarter were 5.1 cm. or more in thickness and 
those of the forequarter were 7.6 cm. or more in thickness. Thin muscles in-
cluded all muscles that did not meet the requirements for thick muscles. Choice 
conformation carcasses yielded an average of 0.93 percent more thick muscles, 
0.82 percent less than thin muscles, and 0.11 percent more total muscle than stan-
dard conformation carcasses. This slight but significant (P<0.05) advantage of 
Choice conformation in yield of thick muscles was not as great as commonly 
believed in the industry. 
Since the early work of Robert Bakewell (1725-1795), generally considered 
the beginning of scientific animal improvement, considerable emphasis has been 
directed toward improvement in animal form, quality of flesh, and efficiency of 
meat production. It may seem disconcerting to conclude that conformation as 
measured subjectively today is not a significant factor in the curability of beef 
carcasses. If conformation could be measured subjectively or objectively and ex-
clude fat deposits, then conformation might have a significant positive relation-
ship to curability. To advise producers of beef to disregard conformation when 
selecting breeding animals or feeders probably is not justified. Conformation as 
subjectively appraised, particularly in the live animal and in the subsequent car-
cass, is of importance from the standpoint of production, present market systems, 
and from the aesthetic view of many involved in beef production. 
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Specific Gravity 
The density of fat is considerably less than that of other components of the 
carcass and hence the larger the proportion of fat, the lower will be the density 
of the carcass. The density of the whole carcass is simply the total weight in air 
divided by the total carcass volume. Estimation of the volume can be made using 
the Archimedean principle that the body immersed in water loses weight by an 
amount equal to the displaced water. Volume of the carcass is determined from 
its displacement of water, the difference between the weight in air and the weight 
completely submersed in water being the weight of the displaced volume of 
water. Specific gravity of a carcass then is the ratio of carcass density to the den-
sity of water, at specified temperatures. 
The application of specific gravity as an index of the amount of fat present 
in an animal body was demonstrated by Pace and Rathbun [1945] using guinea 
pigs, Brown et al. [1951] and Kray bill et al. [195 3] using swine, and Kray bill et al. 
[1952} using cattle. 
Specific gravity measurements were made on forequarters, hindquarters, and 
9-10-llth rib cut from 30 beef carcasses by Kraybill et al. [1952}. Separable com-
ponents of the 9-10-llth rib cut were used to estimate the composition of the 
carcass in terms of fat, muscle, and bone with the equations of Hopper [1944]. 
Based on the mean value of 72.6 percent water in the lean body mass of cattle 
(antipyrine method reported by Kraybill et al. [1952} was used to determine per-
cent body water), the following equations were derived giving the relationships 
between carcass specific gravity and carcass water and carcass fat: 
4.802 
% fat = 100 (--- 4.366) 
sp. gr. 
3.486 % water = 100 (3.896 - --) 
sp. gr. 
Lofgreen and Garrett [1954} determined the specific gravity of the 9-10-llth 
rib cut from 18 steer carcasses. They reported that the separable fat of the rib 
sample could be predicted by use of the equation 
9C f: 1.155 ~- gr. of cut 
0 at = -- 0.261 
Garrett et al. [1959] estimated the body composition of beef carcasses by the 
procedure of Kraybill et al. [1952} and from information given by Reid et al. 
[1955} and used the values obtained for body composition to determine energy 
retained during a feeding trial. In this same study 20 sheep carcasses were used to 
determine the relationship between percent carcass fat and carcass specific gravity. 
Each whole sheep carcass was ground and chemically analyzed for ether extract, 
moisture, nitrogen, and ash. The correlation coefficient between the specific grav-
ity of sheep carcasses and percent carcass fat was -.90; the standard error of esti-
mate was ±2.6. No direct comparison was made in this study between specific 
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gravity of beef carcasses and percent chemical or separable fat of the entire car-. 
cass. In the original work done by Kraybill et al. [1952), chemical analyses and 
physical separation were made only on the 9-10-llth rib cut. 
lwanaga and Cobb [1963) reported specific gravity of the whole carcass was 
highly correlated with yield of trimmed retail cuts (r = 0.75). Bieber et al. 
[1961) qbserved that specific gravity measurements could be used to estimate fat 
and muscle content of beef cuts or muscles, but not for ground beef because of 
incorporated air. Kropf [1959) reported that specific gravity measurements of the 
9-10-llth rib were significantly associated with separable components of the rib 
cut. 
Arthaud et al. [1966) used the formula derived by Lofgreen and Garrett 
(1954) to estimate the percent fat in the 9-10-llth rib cut and compared these 
values with the percent separable fat of the rib cut. This comparison gave a cor-
relation coefficient of 0.80. A comparison of separable far and estimated fat by 
specific gravity measurements of the rib cuts gave a correlation coefficient of 0.84. 
The work of Orme et al. [1958) and Cole et al. [1960a) indicates that specif-
ic gravity can be used as a measure of marbling in the longissimus muscle or 
wholesale rib cut. A correlation coefficient of -.81 between specific gravity of the 
longissimus muscle of the 9-10-llth ri_b and percent fat was reported by Orme 
et al. [1958). 
The specific gravity method has nor proved very adaptable for determining 
composition of intact live animals. Not only is the method cumbersome, but 
breathing cannot be readily controlled in farm animals [Pearson, 195 5). How-
ever, the method has been employed successfully to measure the fatness of hu-
mans [Behnke, 1941-42; Keys and Brozek, 1953). 
Antipyrine 
A method for measuring the total water content of the body in vivo based 
on the dilution of antipyrine (l-phenyl-2, 3-$fimethylpyrzaolone-5-one) after its 
intravenous injection was reported by Soberman et al. [1949, 1950). Kraybill et 
al. [1951) estimated body fat in 30 beef cattle from the measurement in vivo of 
body water by use of the antipyrine method. In this study body fat values de-
rived from body water values by the antipyrine and specific gravity methods were 
in close agreement with the body fat content determined from chemical analyses 
of samples from the 9-10-llth rib cut. On the basis of the relative constancy of 
73.2 percent water content of the fat-free body mass, percent body fat was cal-
culated from body water by the equation 
P f: loo percentage of water ercent at = - 0.732 -
Some of the problems associated with this technique were discussed by Keys 
and Brozek {1953), Kastelic [1953) and Wellington et al. [1956). To date only 
limited use has been made of this procedure to estimate body fat in cattle. How-
ever, Kraybill et al. (1951), Wellington et al. [1956), Klosterman et al. [1956) 
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and Reid et al. [195 7) concluded that the antipyrine method could be used to es-
timate total body water of cattle. 
Endogenous Radioactive Isotopes 
The naturally-occurring endogenous isotope potassium-40 has been investi-
gated as an index of body composition. In an early investigation by Loring and 
Druce (1930} an extract from potato vines was more radioactive than normal 
potassium. The radioactivity of potassium was reported by Havesy and Paneth 
(1938} to be proportional to the potassium content. Anderson [1959} reported 
that potassium-40 (the radioactive isotope of potassium) comprised 0.011 percent 
of the natural potassium. 
Total body potassium was shown by Spray and Widdowson (1950} to be 
proportional to fat-free body tissue in humans, rats, and swine. Later Mitteldorf 
and Landon [1952} observed the same relationship for beef muscle. 
Kulwich et al. [1961 J reported a significant negative correlation coefficient 
(r = -.87) between percent separable fat and disintegrations per minute from 
potassium-40 per pound of intact beef round, and a significant positive correla-
tion coefficient (r = 0.80) between separable lean and potassium-40 disintegra- . 
tions per minute for the rounds from six bulls, six steers, and four heifers. A 
composite sample of bone emitted about one-half as much gamma radiation as 
an equal amount of separable lean. 
Measurement of potassium in animals with whole-body scintillation counting 
was first reported by Reines et al. (195 3 J. Since then several studies have been 
conducted with swine (Zobrisky et al., 1959}, sheep [Kirton et al., 1961a; Judge 
et al., 1963], humans [Anderson and Langham, 1959}, and cattle [Lohman et al., 
1964]. 
Lohman et al. (1964} observed that the fat-free lean tissue from 29 steers 
was related significantly to live weight and live potassium-40 count (r = 0.95 
and 0.95). It was also shown that fat-free lean tissues could be predicted from 
the potassium-40 count of the carcass. In a later report which included 42 steers 
Lohman et al. (1966} reported that body potassium can be measured accurately 
enough to suggest practical use of the 4°K method for determining muscle mass 
in live steers and in the carcass. 
Some reports indicate that determination of body composition by the mea-
sured gamma emission of potassium-40 has limitations [Kirton et al., 1961a, bJ 
because of the large standard errors encountered. However, other investigators 
appear to be optimistic in regard to the development of this procedure as a 
means of predicting body composition in the live animal as well as the composi-
tion of the carcass. 
Dressing Percent 
Reports of most feeding experiments are not considered complete without 
a statement regarding dressing percent. The margin a packer must receive be-
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tween the price of live cattle and the price received for dressed beef is affected by 
dressing percent. Higher dressing percent in most instances is associated with 
fatter animals whose carcasses will yield a lower percent of edible portion (Cole 
et al., 1960b). However, sex, breed, type, intestinal fill, and individual variation 
influence this value [Lush, 1926; Hammond, 1920). 
Even though dressing percent accurately reflects the total quantity of car-
cass in relationship to live weight, it gives no accurate indication of quantity of 
edible or salable meat. It seems a more accurate method of quantitative evalua-
tion of beef animals should be developed and used. 
Longissimus Muscle Area 
Tracing Method. Area of the cross-section of the longissimus muscle has 
been used as extensively as any other measurement as an index of muscling in 
the carcass. A procedure for determining the longissimus muscle area was pro-
posed by Mackintosh (1937}. This procedure consisted of placing a sheet of 
parchment paper on the exposed muscle and tracing the contour of the muscle, 
similar to the procedure used by Helser et al. (1930). The area was subsequently 
measured with a compensating planimeter and expressed in square centimeters. 
Later, Hirzel [1939] suggested maximum width times maximum length as a 
measure of approximate muscle area. Nauman (1952} reported a procedure 
similar to that of Mackintosh [1937} for measuring longissimus muscle area. 
The contours of the longissimus muscle and external surface of the subcutaneous 
fat at the 12th rib were traced on PTM-173 non-;i.bsorbent tracing paper. A com-
pensating planimeter was used to measure muscle area in square inches. 
Photographic Methods. Several workers have reported methods which were 
intended to expedite the measurements of the longissimus muscle. The use of a 
camera to photograph the muscle at the 12th rib was reported by Stull (1953}. 
A compensating polar planimeter was used to determine the area from a photo-
graph. A correlation coefficient of 0.98 was reported between the results of the 
photographic and tracing methods. Schoonover and Stratton [1957} reported a 
procedure whereby a wire grid was superimposed upon the cut surface of the 
longissimus muscle and then photographed. They reported that the area deter-
mined by counting the grids was more practical and less susceptible to error than 
the tracing method. Bodwell et al. (1959] also reported that if a planimeter is 
not available, the longissimus muscle area may be estimated by superimposing a 
grid on the tracing and then counting the squares enclosed by the muscle. How-
ever, they reported that the grid procedure was only 75 percent as accurate as 
the planimeter method. 
Shrewsbury and Wideman (1961} described a technique for photographing 
muscle and fat areas in the carcass. The areas photographed were reproduced to 
· actual size and measured with a planimeter. Another longissimus muscle photo-
graphic technique was reported by Corbin et al. [1959). The technique consisted 
of projecting photographs by the use of a mirror onto a calibrated ground glass 
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surface; the area was then measured with a planimeter. Deans et al. (1959) re-
ported on a similar technique of projecting polaroid transparencies of the loin 
muscle on a plate glass surface and then measuring the area with a planimeter. 
Both of these techniques were claimed to be rapid and reliable. 
Variability in Longissimus Muscle Area. Area measurements of the right 
and left longissimus muscle can differ considerably. The ribbing procedure can 
be one cause of the differences in longissimus muscle area, according to Nau-
mann [1952), Butler et al. (1956), Bodwell et al. [1959), Carpenter and Palmer 
(1960), Stouffer [1961) and Hedrick et al. [1965]. In the study by Carpenter and 
Palmer [1960} the left side was ribbed the conventional packing house manner 
by cutting halfway between the 12th and 13th rib and cutting along the contour 
of the 12th. The right side was ribbed by cutting across the vertebra halfway be-
tween the 12th and 13th rib and perpendicular to the long axis of the longis-
simus muscle. The average area of the right side was 0.68 square inch larger than 
that of the left side. Alexander [1961} reported results similar to those of Car-
penter and Palmer [1960), except the ribbing procedure was reversed for the two 
sides. He reported the average area of the right side was 0.32 square inch larger 
than that of the left. 
Right and left longissimus muscle measurements from 295 steer carcasses 
ribbed the conventional manner were compared by Hedrick et al. [1965]. The 
average area of the right muscle was significantly larger than that of the left. In 
this same study 47 steer carcasses were chilled unsplit. Intact short loins and ribs 
were cut into steaks one-half vertebra in thickness, beginning at the center of the 
11th thoracic vertebra and continuing in sequence to the juncture of the 13th 
thoracic and first lumbar vertebrae. Bilateral tracings were made of the longis-
simus muscle at six locations. When cut at the same location and perpendicular 
to the long axis of the muscle, the muscles were symmetrical and did not differ 
in area. However, significant differences in area of muscle were observed from 
one vertebral location to another. 
Henderson et al. [1966b} compared four different techniques for measuring 
longissimus muscle area: (1) counting grids 0.645 cm. 2 in area, (2) counting dots 
with each dot in the center of a 0.645 cm. 2 square, (3) measuring the tracing of 
the outline of the longissimus muscle on acetate paper with a planimeter, and 
(4) measuring the projection of a 35 mm. transparency. The four different tech-
niques differed significantly in the area values obtained, but these differences 
were small compared with differences in longissimus muscle area between right 
and left sides ribbed separately. The method of tracing projected photographs of 
the cross-sectional area with a planimeter was more precise than the other three 
methods. However, the other three methods were reliable. The grid and dot 
methods, because of ease and rapidity of obtaining cross-sectional area, appeared 
valuable for measuring large numbers of carcasses. 
Relationship Between Longissimus Muscle Area and Carcass Composi-
tion. Several studies have been conducted to determine the relationship between 
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longissimus muscle area and carcass yield. Data from several studies presented in 
Table 10 indicate that longissimus muscle area was significantly and positively 
associated with various measures of carcass yield where excess fat was either re-
moved or trimmed to a uniform thickness. Correlation coefficients were higher 
in studies where the comparisons were made on a weight basis rather than a 
percentage basis. 
In a report by Cole et al. [1962] simple correlation coefficients of 0.58, 0.59, 
0.39 and 0.63 were reported between total separable lean and longissmus muscle 
area at the 5th rib, 12th rib, last lumbar vertebra, and an average of the three 
area measurements, respectively. An average of the three area measurements mul-
tiplied by the carcass length increased the accuracy of estimating separable lean 
(r = 0.73). Cole also reported there was a tendency for the longissimus muscle 
area to decrease and total pounds of separable lean to increase as length of car-
cass increased. Inclusion of carcass length contributed approximately 14 percent 
to the correlation coefficient obtained. 
The report by Hedrick et al. (1965] showed that longissimus muscle area 
measurements at six different vertebral locations accounted for five to 19 percent 
and six to 25 percent of the variation, respectively, in total retail yield of partial-
! y boneless and boneless retail cuts. The relationships between area measure-
ments and boneless and partially boneless retail yield from the primal cuts varied 
from eight to 29 percent and six to 21 percent, respectively. Area of muscle ac-
counted for 48 to 70 percent of the variation in weight of boneless retail cuts 
from the primal cuts and 41 to 70 percent of the variation in the weight of par-
tially boneless retail cuts from the primal cuts. Similarly, muscle area measure-
ments were associated with 49 to 69 percent of the variation in boneless retail 
cuts and 47 to 62 percent of the variation in partially boneless retail cuts of the 
entire side. 
Muscles and Muscle Groups 
A summary of research to determine the ability to estimate total carcass 
muscle from individual muscles or muscle groups is presented in Table 11. These 
results indicate the possible value of a large muscle or a group of muscles for 
predicting total carcass muscle weight. The data of Orme et al. (1960] was de-
rived from a group of mature Hereford cows. Whereas, the data of Butterfield 
(1962] was obtained from a group of steer car;casS'es of several breeds, which 
ranged from 6 months to 4 years of age. 
Data reported by Cole et al. (1959] and Callow (1962b} where separable 
muscle of individual wholesale cuts were correlated with total carcass muscle, 
are presented in Table 12. These relationships with total carcass muscle are high-
ly significant. However, Callow (1962] concluded that it would be necessary to 
dissect the wholeside or wholesale cut of the carcass " ... for there are no short-
cuts." Harrington and King (1963] re-analyzed the data of Callow (1962] and 
reported that dissection of sample wholesale cuts would provide an estimate of 
RESEARCH BULLETIN 928 59 
TABLE 10-CORRELATION COEFFICIENTS BETWEEN LONGISSIMUS 
MUSCLE AREA AT 12th RIB AND CARCASS YIELD 
Reference 
Cahill et aZ. [1956] 
Cole et aZ. [1960b] 
Goll et aZ. [196lb] 
Merkel & Mackintosh [1961] 
Cole et aZ. [1962] 
Brungardt & Bray [1963a] 
Hedrick et aZ. [1963] 
Stringer et aZ. [1963] 
Knapp [1964] 
Hedrick et aZ. [1965] 
Henderson et aZ. [1966a] 
** P<.01. 
* P<.05. 
Carcass Yield Comparison 
% edible portion 
Wt. separable carcass lean 
Wt. of unt r immed primal cuts (round, loin, rib & chuck) 
Boneless retail cuts 
Wt. separable lean 
% retail yield of round, loin, 
r i b and chuck 
Wt. of trimmed round, loin, 
rib and chuck 
Wt. of all trirmled wholesale 
cuts 
% trimmed round, 1 oi n, rib 
and chuck 
% of all trimmed wholesale cuts 
% partially boneless retail cuts 
% partially boneless retai l cuts 
% total boneless retail cuts 
Wt . total boneless retail cuts 
% partially boneless retail cuts 
Wt . partially boneless retail 
cuts 
% boneless retail cuts from 
round, loin, rib, and chuck 
Wt.-boneless retail cuts (round, loin, rib and chuck) 
% partially boneless retail cuts (round, loin, rib and chuck) 
Wt. partially boneless retail 
cuts (round, loin, rib & chuck) 
% total separable muscle 
% total retail yield 
% total separable muscle of 
round, loin, rib and chuck 
% total retail yield of round, 
loin, rib and chuck 
Correlation 
Coefficient 
0.85** 
0.43** 
0.00 
0.43** 
0.59** 
0.45** 
0.41** 
0.40** 
0.25* 
0.28* 
0.61** 
0.57** 
0.42** 
0.72** 
0.35* 
0.66** 
0.41** 
0.70** 
0.34* 
0.64** 
0.36** 
0.45** 
0.31** 
0.46** 
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TABLE ll~CORRELATION COEFFICIENTS BETWEEN WEIGHT OF SEPARABLE MUSCLE 
OF THE CARCASS AND WEIGHT OF VARIOUS MUSCLES OR MUSCLE GROUPS 
Reference 
Onne et ai. 1960 
Butterfield 1965 
L iljedah 1 1965 
Muscle or Muscle Group 
Biceps femoris, semimembranosus 
and adductor 
Sirloin tip groupa and longissimus 
Longissimus, semimembranosus and 
adductor 
Semimembranosus and adductor 
Biceps femoris and longissimus 
Semitendinosus and psoas major 
Psoas major and triceps brachii 
Triceps brachii and semitendinosus 
Biceps femoris 
Longi ss imus 
Semimembranosus 
Shin muscle group 
Semi ten di nos us 
Pectoralis (Profundus + superficialis) 
Correlation 
Coefficient 
0.96** 
0.93** 
0.94** 
0.92** 
0.96** 
0.89** 
0.91** 
0.89** 
0.98** 
0.98** 
0.97** 
0.95** 
0.95** 
0.94b** 
0.83b** 
0.73b** 
0. 98c** 
0.74c 
0.77c** 
aincludes the vastus lateralis, vastus intermedius, vastus medialis and 
rectus femori s. 
bThree separate groups of bulls. 
cThree groups of steers. 
**P<.01. 
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TABLE 12~CORRELATION COEFFICIENTS BETWEEN SEPARABLE MUSCLE OF THE CARCASS AND SEPARABLE MUSCLE OF VARIOUS WHOLESALE CUTS 
Correlation Reference Wholesale Cut Coefficient 
Cole et ai. [1959] Round 0.96** 
Chuck 0. 94** 
Shortloin 0.85** 
Rib 0.84** 
Sirloin 0.81** 
Ca 11 ow [l 962b] Foreshin 0.90** 
Loin 0.87** 
Pelvis 0.84** 
Thorax 0.80** 
Leg 0.80** 
l 2-l 3th rib 0.77** 
Shoulder 0.74** 
Neck 0. 72** 
Psoas 0.64** 
Hindshin 0.62** 
** P<.01. 
the total carcass muscle, if the weight of the dissected cut and carcass weight 
were taken into account. 
Fat Measurements 
Reports have consistently shown that fat is the most variable component of 
the beef carcass. As the percentage of fat increases there is an almost proportion-
ate decrease in lean content. 
The most common fat measurement used in beef carcass evaluation is the 
measurement at the 12th rib. In most early studies an average of three measure· 
ments as proposed by Naumann (1952} was used. Recently, studies have shown 
that one measurement taken over the ribeye three-fourths of the distance from 
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the medial to lateral edges of the ribeye is just as reliable [Ramsey et al., 1962}. 
Data from several representative studies presented in Table 13 clearly show 
that as fat thickness increased the yield of separable muscle or retail cuts de-
creased. It should be noted that fat thickness in most studies was negatively as-
sociated with more of the variation in percent retail yield than was the positive 
relationship between longissimus muscle area and percent retail yield (Table 9). 
TABLE 13~CORRELATION COEFFICIENTS BETWEEN FAT 
THICKNESS AT 12th RIB AND CARCASS YIELD 
Reference 
Ramsey et ai. 
[1962] 
Brungardt & Bray 
[l963a] 
Hedrick et al. 
Knapp [1964] 
Henderson et ai. 
[1966a] 
Carcass Yield Comparison 
% separable leana 
% separable fata 
% separable bonea 
% separable lean 
% separable fat 
% separable bone 
% retail yield round, loin, rib 
and chucka 
% retail yield round, loin, rib 
and chuck 
% total boneless retail cuts 
Wt. total boneless retail cuts 
% partially boneless retail cuts 
Wt. partially boneless retail cuts 
% boneless retail cuts from round, 
loin, rib and chuck 
Wt. boneless retail cuts from 
round, loin, rib and chuck 
% partially boneless retail cuts 
from round, loin, rib and chuck 
Wt. partially boneless retail cuts 
from round, loin, rib and chuck 
% partially boneless retail cuts 
% total separable muscle 
% total retail yield 
% separable muscle round, loin, 
rib and chuck 
% retail yield round, loin, rib 
and chuck 
Correlation 
Coefficient 
-.76** 
0.82** 
-.76** 
-.73** 
0.80** 
-.78** 
- . 71 ** 
-.73** 
-.58** 
- .14 
-.64** 
- .16 
-.50** 
-.07 
-.59** 
- .06 
-.64** 
-.79** 
-.75** 
-.73** 
-.76** 
aOne fat measurement taken at a point three-fourths the length of the 
longissimus muscle from the chine end. 
**P<.01. 
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Body wall thickness (a thickness measurement taken along the 12-13th rib 
separation at a point 7.5 inches below the ventral end of the longissimus muscle) 
was negatively associated with percent retail cuts (r = -.64) [Brungardt and 
Bray, 1963a]. This is a measureme'lt of an area of the carcass where excess fat 
is deposited. 
The effect of carcass grade by one-third grade increments from low good to 
high choice and carcass weight by 50 pound increments from 525 to 725 pounds 
on the amount of trimmable fat and retail cuts within each wholesale cut of 
steer carcasses was investigated by Ellsworth [1966). The increase in trim fat per 
unit increase in carcass weight was greatest from the loin (included kidney fat), 
followed by that of the flank, chuck, plate, round, brisket, and rib when carcasses 
were classified by weight or grade. The increase in weight of trimmed retail cuts 
per unit increase in carcass weight by carcass grade or weight was greatest for 
the chuck, followed in descending order by the round, loin, plate, and rib. Trim 
fat from the flank was more highly correlated to total carcass trim fat than trim 
from any other wholesale cut. 
Subcutaneous and intermuscular fat measurements taken at numerous loca-
tions on the carcass have been investigated in attempts to find specific measure-
ments which are most highly associated with carcass composition [Allen, 1966; 
Breidenstein, 1965; Lewis et al., 1964a). These and other studies indicate that fat 
thickness measurements taken in the lumbar and thoracic area are more highly 
related to carcass composition than fat measurements from other areas of the 
carcass (Figure 13). Allen [1966} reported that the fat measurements most highly 
related to percent separable components and retail yield were a single fat mea-
surement over the 12th rib three-fourths of the distance from the medial to 
lateral edge of the ribeye; average of three measurements over the ribeye [Nau-
mann, 1952}; and a fat probe measurement four inches off the dorsal midline at 
the 5th thoracic vertebra. Breidenstein [1965} reported that individual subcuta-
neous fat measurements over the 12th rib were more valuable in predicting re-
tail yield of steer carcasses than those taken in other locations. In addition to 
the 12th rib measurement, Breidenstein indicated that measurements over the 
blade area of the chuck and rump area were valuable in evaluating carcasses. 
Lewis et al. (1964b) observed that fat probe measurements over the rump and 
clod were more highly associated with percent trimmed retail cuts of heifer car-
casses than a single fat measurement at the 12th rib surface. 
Angus steers and heifers representing four herds and eight sires were al-
lotted slaughter weights of 850, 925 and 1000 pounds. They were fed a 3:1 grain-
roughage ration from weaning until they reached these slaughter weights (Lewis, 
1967). Subcutaneous fat was probed at 119 anatomically determined sites on the 
left side of each carcass and the deposition pattern was studied for its associa-
tion with carcass composition. There were comparatively few herd, sire-within-
herd, sex, and weight effects noted. However, the quantity and pattern of sub-
cutaneous fat on the 850 pound Angus heifers and the 1000 pound steers were 
almost identical (Figure 14). In general, though, proportionately larger quanti-
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Fig. 13. Photograph illustrating location of fat probes used as indices of carcass composition. 
(Probes were made 4, 8 and 12 inches laterally from the dorsal tip of the unscribed 
vertebral cartilage opposite the 5th (AJ, 8th (BJ, and lith (CJ thoracic; 1st (DJ, 4th 
(E) and 6th (F) lumbar; and 3rd (G) and 5th (H) sacral vertebrae (Allen, 1966J). 
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Fig. 14. Subcutaneous fat contours for 850 pound Angus heifers (left) and 1000 pound Angus 
steers (right). Gradient was 0.10 inch. (Lewis, 1967.) 
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ties of fat were being deposited over the rump, hip, shortloin, and clod muscles 
than over other areas of the carcass as carcass weight increased. 
Pooled intra-class correlation coefficients computed by sex and within herd, 
sire, and weight subclasses showed a marked sex difference between the Angus 
heifers and steers for the relationship of certain carcass traits and the subcuta-
neous fat probes. Most probes with a least-squares mean in excess of 0.30 inch 
on the Angus steers were significant and positively correlated with pounds of 
carcass fat trim (Figure 15). Most probes on the rump and sirloin of the steer 
carcasses were negatively associated with pounds of primal retail yield (Figure 
16). Few probes were correlated with the same carcass traits in the Angus heifers 
(Figure 16). The sex difference was attributed to differences in physiological ma-
turity and not chronological age. 
••• 
• 
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Fig. 15. Pooled intra-class correlation coefficient summaries for Angus heifer and steer carcass 
subcutaneous fat probes with pounds of carcass fat trim. (Lewis, 1967.) 
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Fig. 16. Pooled intra-class correlation coefficient summaries for Angus heifer and steer carcass 
subcutaneous fat probes with pounds of primal retail cuts. (Lewis, 1967.) 
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Wholesale Rib and 9-10-llth Rib Cut 
Lush (1926} analyzed published data (Moulton et al., 1922a, 1922b, 1923; 
Jordan, 1896; Hall and Emmett, 1912; Lawes and Gilbert, 1860} and concluded 
that the composition of the wholesale rib adequately represented the composi-
tion of the carcass from which it came. Hopper (1944] analyzed a portion of 
the same data that Lush analyzed (Moulton et al., 1921, 1922a, 1922b, 1923; 
Trowbridge et al., 1918) and his findings were in agreement; i.e. muscle, fat and 
bone of the wholesale rib adequately represent their respective components of 
the carcass. 
Hopper (1944} analyzed data from 56 steer carcasses and Hankins and Howe 
(1946] analyzed data from 84 steer and 36 heifer carcasses, mainly of beef breeds, 
and concluded that the physical components (muscle, fat, and bone) of the 9-10-
llth rib were highly associated with the corresponding components of the car-
cass. However, the correlation coefficients between percentage of separable lean 
of the rib cut and lean of the carcass was highest (0.92) for the steers, lowest 
(0.72) for the heifers, and intermediate (0.85) for the entire group (Hankins and 
Howe, 1946). The value for the heifers was low enough to doubt the usefulness 
of the separable lean content of the rib cut for estimating total carcass lean of 
heifer carcasses. In addition, the relationship between separable fat of the rib cut 
and separable fat of the carcass was slightly lower for heifers (0.88) than for 
steers (0.93). The difference obtained for heifers as compared to steers made 
doubtful the usefulness of the equations in estimating fat or lean content of car-
casses that differ from those in the original study in proportional distribution of 
fat and lean. Results would also be doubtful if the animals were more homoge-
neous in age, carcass weight, or nutritional treatment. The variation in fat dis-
tribution that may exist has been discussed in other sections. 
Since the report of Hankins and Howe (1946), numerous investigators have 
applied the reported prediction equations to separable components of the 9-10-
llth rib to estimate the carcass composition of cattle on varied nutritional regi-
mens [Wanderstock and Miller, 1948; Hedrick, 1955; Blumer et al., 1959} and to 
evaluate carcasses from cattle of various types (Willey et al., 1951; Stonaker et al., 
1952; King, 1954) and b:reeds (Tulloh, 1964). It is somewhat unfortunate that 
additional detailed studies have not been conducted to further compare the sepa-
rable components of the 9-10-llth rib with separable components of the entire 
carcass from cattle of other well-defined types, weights, ages, and nutritional 
regimens. Additional studies, such as indicated, ro further validate the initial re-
ports of Hopper (1944} and Hankins and Howe (1946), would appear worth-
while and helpful in future beef carcass research. 
Alexander (1961], Meyer (1962), and Hedrick et al. (1963) related the sepa-
rable components of the 9-10-;l.lth and 6-7-8th rib sections to the yield of in-
dividual trimmed wholesale cuts and trimmed primal cuts. The correlation coeffi-
cients in most instances were significant (0.61 to 0.69 for lean and -.65 to -.70 
for fat) but much lower than those reported by Hankins and Howe (1946). 
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Crown and Damon (1960) used the separable components of the 12th rib 
area of 24 beef carcasses to predict the separable components of the entire car-
cass. These investigators reported correlation coefficients of 0.96, 0.82, and 0.75 
for percent separable fat, lean, and bone of the 12th rib and their corresponding 
separable components of the carcass. In this same study separable components 
of the 9-10-llth rib were related to comparable components of the entire carcass. 
Correlation coefficients of 0.98, 0.94 and 0.73 were reported for separable fat, 
lean, and bone of the 9-10-llth rib and corresponding components of the entire 
carcass. 
Allen [1966) used two weight groups of steer carcasses ( 40 carcasses 500 to 
550 lb. and 40 carcasses 700 to 750 lb.) and related percent separable components 
of the 9-10-llth rib with percent separable components of the carcass. Correla-
tion coefficients observed for the two combined groups were: muscle 0.92, fat 
0.94, and bone 0.76. These observations further support the earlier work of Lush, 
Hopper, and Hankins and Howe that composition of the rib cut is indicative 
of the composition of the entire carcass. However, in the study of Allen, when 
comparisons were made within weight and fat groups, correlation coefficients 
were lower in the heavy weight group (700 to 750 lb.) compared to the light 
weight group (500 to 550 lb.). This observation indicates that total fat deposition 
and muscle growth may not proceed proportionately from one part of the body 
to another (this aspect of growth and fat deposition is discussed elsewhere). Fur-
ther, this observation indicates the need for prediction equations to be developed 
for well-defined weight, sex, and fat groups for more accurate results. 
Kennick and England (1960) investigated the use of a smaller sample of 
the carcass than the 9-10-f!th rib or the 12th rib cut. They used a core device to 
obtain probe samples between the 8-9th rib and the 9-10th rib. These investiga-
tors concluded that such cores could be useful in studying composition of a large 
number of animals. 
Wholesale Cut Round 
The wholesale cut round has been shown to be highly associated with sepa-
rable muscle and retail yield of the entire carcass. The round comprises a size-
able portion of the part-to-whole relationship and, therefore, should be a good 
indicator of total carcass composition. 
Cole et al. [1960b] reported the separable muscle in the round was associated 
with 90 percent of the variation in total separable muscle in the carcass. Orme 
et al. (1960) used weights of entire muscles from the round (semimembranosus, 
adductor, and biceps femoris) of cow carcasses and were able to account for 92 
percent of the variation in total separable lean of the carcass by this means. 
Brungardt and Bray [1963a) used percent trimmed round and a single 12th rib 
fat measurement and accounted for 81 percent of the variation in percent retail 
cut yield. Thornton and Hiner [1965] were able to use three measurements of 
the round to predict volume of round. Both weight of the round and volume of 
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the round were highly related to total carcass lean. Miller et al. [1965} observed 
that percent trimmed round was highly related to percent boneless (0.79) and 
partially boneless (0.84) retail cuts of the primal cuts and percent boneless (r = 
0.80) and partially boneless (r = 0.88) retail cuts of the entire side. 
Work reported from the Ohio Station (Cahill, 1966} indicated correlation 
coefficients between round edible portion (boneless and closely trimmed) and 
side edible portion of 0.91 and 0.93 for heifer and steer carcasses, respectively. 
In a study which included 216 steer carcasses Tuma et al. [1966} observed 
correlation coefficients of 0.86 between weight of trimmed round and total weight 
of total trimmed retail cuts and 0.89 between weight of retail cuts from the round 
and weight of total trimmed retail cuts. 
Allen [1966} reported correlation coefficients of 0.83, 0.91, and 0.83 between 
percent separable muscle, fat, and bone of the round and percent separable com-
ponents of the entire carcass, respectively. This study included 80 steer carcasses. 
Research reports to date are rather consistent in the finding that trimmed 
round or boneless closely-trimmed cuts from the round are indicative of the re-
tail yield of the entire carcass. For research purposes, it would appear that to 
obtain a prediction of the retail yield or edible portion of a beef carcass, analysis 
can be confined to the round. Cuts from the round are normally used boneless 
and, therefore, would result in minimum economic loss. 
Wholesale Cut Flank 
In the report of Hankins and Howe (1946} data were presented which in-
dicated the fatness of the flank was more highly related to fatness of the entire 
carcass (r = 0.95) than that of the often used 9-10-llth rib cut (0.93). In work 
by Hedrick et al. (1963} the relationship between percent fat in the wholesale 
cut flank was significantly associated with percent trimmed wholesale cuts (r = 
-.86) and trimmed primal wholesale cuts (- .80) of the carcass. Miller et al. [1965} 
reported that percent retail yield of the flank was significantly related to percent 
boneless retail cuts (r = 0.78) and percent partially boneless retail cuts (r = 0.81) 
of the carcass. Knapp [1964} observed that the retail yield of the flank was re-
lated significantly to the percent partially boneless retail cuts of the side (r=0.75) . 
Allen [1966} observed correlation coefficients of 0.91, 0.91, and 0.32 between 
percent separable muscle, fat, and bone of the wholesale cut flank and percent 
separable components of the entire carcass, respectively. When comparisons were 
made within weight and fat thickness groups, the relationships were consistently 
higher between percent separable fat and muscle of the flank and separable com-
ponents of the carcass than similar comparisons for components of the round. 
Further, percent separable muscle and fat of the flank were about equal to per-
cent separable muscle and fat of the 9-10-llth rib section for estimating percent 
muscle and fat of the entire carcass. 
The actual amount of lean in the flank is similar among carcasses of com-
parable weight. The flank is a fat depot and the amount of fat in the flank is 
indicative of the amount of fat in the entire carcass. The ease of physical separa-
tion of the flank and the lower monetary loss involved in its use for predicting 
carcass composition are other points in favor of this method. 
Linear Measurements 
Various linear measurements have been used by numerous investigators in 
an attempt to characterize quantitative differences in beef carcasses. Much of the 
published data is on live animal measurements and does not include comparison 
with measurement of carcass composition. Examples of some published data re-
lating linear carcass measurements to carcass yield are presented in Table 14. 
TABLE 14~RELATIONSHIP BETWEEN LINEAR CARCASS 
MEASUREMENTS AND CARCASS YIELD 
Reference 
Cole et ai. 
[1960b] 
Brungardt & Bray 
[1963] 
· Hedrick et a'l. 
**P<.01. *P<.05. 
Comparison 
Carcass separable lean vs: 
Carcass length 
Leg length 
Loin length 
Round circumference 
Round width 
Chuck width 
Depth of flank 
Depth of body at 5th rib 
Percent retail yield round, loin, 
rib and chuck vs: 
Round length 
Round thickness 
Weight trimmed round, loin, rib 
and chuck vs: 
Leg 1 ength 
Carcass length 
Depth of body 
Round circumference 
Chuck width 
Carcass weight 
Percent trimmed round, loin, rib 
and chuck vs : 
Leg length 
Carcass length 
Depth of body 
Round circumference 
Chuck width 
Carcass weight 
Correlation 
Coefficient 
0. 39** 
0.53** 
0.44** 
0.45** 
0.06 
0.18 
0.59** 
0.26* 
0.26* 
0.36** 
0.50** 
0.60** 
0.31* 
0.46** 
0.64** 
0.86** 
-.33** 
- . l 0 
-.57** 
-.30* 
-.53** 
-.59** 
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Linear measurements are more highly related to weight than percent of carcass 
components. The data from Cole et al. (1960b] indicate that length measure-
ments are more closely associated with weight of separable lean than thickness 
measurements. An individual linear measurement appears to be of questionable 
value in predicting the percent of a given component. The irregular shape of 
the beef carcass detracts from the reliability of such measurements. In terms of 
weight of component parts, carcass weight appears to be a better indicator than 
a single linear measurement. 
Muscle-Bone Relationship 
Muscle-bone relationship has been investigated as a method of determining 
carcass composition. Several workers [Hammond, 1921; McMeekan, 1940a, 1941; 
' Palsson, 1939] have dissected large numbers of meat animals and studied the re-
lationships between bone measurements and carcass composition. In these studies 
positive relationships were observed between bone and weight of muscle. Callow 
(1961] reported that the ratio of the weight of muscle tissue to the weight of 
bone in a carcass was a useful measure of carcass composition, a high ratio being 
more desirable than a low one. Breed and treatment had no effect on the ratio. 
In a study reported by Cole et al. (1960b] the weight of separable carcass lean 
and separable carcass bone was positively related (r = 0.75) . McMeekan (1956) 
reported that "the weight of muscle can be determined within 1 percent if the 
weights of the cannon bones are known." 
Orme et al. (1959] reported that the weight-length ratio, width, and thick-
ness of the fore and hind cannon bones of beef were related with the estimated 
weight of carcass lean. Even though cannon bone measurements and measure-
ments from radiographs of the lumbar vertebra were related to muscling, Orme 
et al. (1959) considered the relationships were too low for predictive purposes. 
Work at the Texas Station by Orts (1959) showed that cannon bone weight, 
area, and weight/length ratio were highly related to wholesale cut weight and 
longissimus muscle area at the 12th rib. W ythe et al. (1961] indicated that bones 
of an animal developed proportionately in length and width and that a positive 
association existed between bone thickness and muscling. Simple correlation 
coefficient of trimmed metacarpus weight with weight of loin, rib, round, and 
rump was 0.63; correlation with weight of retail trimmed chuck, rib, and loin 
was 0.69; and correlation with trimmed boneless cushion round and rump was 
0.67. Correlation coefficients between trimmed tibia weights and weights of these 
same beef cuts were 0.74, 0.78, and 0.80, respectively. 
Berg and Butterfield (1966) dissected one side from each of 62 steers of six 
breeds, differing in nutritional treatment and age. The best indicator of composi-
tion was the muscle-bone ratio, which increased with carcass weight. 
Bone development has been a controversial issue among various segments 
of the beef cattle industry. Breeding animals are sometimes criticized for refine-
ment of bone; whereas, slaughter animals and carcasses are often praised for re-
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finement of bone. These diverse opinions are not compatible with reported re-
search. It appears that beef animals that yield a large proportion of muscle will 
have comparatively large bones. 
Retail Yield 
The use of retail yield has the advantage of measuring the salable portion of 
the beef carcass and should accurately reflect important quantitative differences 
in beef. However, this method is time consuming and in some instances disposi-
tion of the end product may present a problem. Retail yield studies have been 
conducted on the basis of completely boneless and partially boneless cutting 
methods with excess fat removed to a given thickness. The yield may include 
all retail cuts of the side or just the cuts from the round, loin, rib, and chuck. 
The optional curability grading offered by the present USDA Grading Service 
is based on the boneless yield of the round, loin, rib, and chuck. 
The interpretation of results from one study to another often presents a 
problem when different cutting methods have been used and the yields have 
been expressed differently. In two separate studies by Miller (1964] and Knapp 
(1964] comparisons were made of boneless and partially boneless cutting meth-
ods and results were expressed as total retail yield and as retail yield of the round, 
loin, rib, and chuck (Table 15). Differences between the two methods of cutting 
and manner of expressing yield were quite similar for both studies. 
TABLE ]5~COMPARISON OF RETAIL YIELD VALUES BY BONELESS 
AND SEMIBONELESS CUTTING METHODS 
Mean values from two sources 
Methods Knapp [1964] Mill er [1964] 
Semiboneless yield of side 70.45 72.46 
Boneless yield of side 63.04 64.94 
Difference between methods 7. 41 7.59 
Semiboneless yield primal cuts 59.11 59.56 
Boneless yield primal cuts 51.18 51. 97 
Difference between methods 7.93 7.52 
The similarity in yield data for wholesale cuts and retail cuts from the right 
and left sides in a study by Brungardt and Bray (1936b] further indicates that 
cutting procedures can be standardized. When procedures are standardized, this 
permits the use of individual cuts or measurements from either side to be used 
to estimate carcass components more accurately. 
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Prediction Equations 
Numerous equations have been proposed to estimate the composition of the 
beef carcass. Lush (1926}, Hopper (1944}, and Hankins and Howe (1946} de-
veloped estimating equations based on the separable components of wholesale 
cuts to estimate composition of the entire carcass. Murphy et al. (1960} devel-
oped an equation to estimate the percent boneless retail cuts from the round, 
loin, rib, and chuck as follows: percent boneless retail cuts = 51.34 - 5.784 (fat 
thickness over ribeye, inches) - .0093 (carcass weight, lb.) - .462 (kidney fat, 
percent of carcass) + .740 (area of ribeye, sq. in.). This equation was modified 
and is now utilized in the Official Standards for Grades of Carcass Beef (1965) 
to estimate the curability of beef carcasses. In a report by Cole et al. (1962} the 
most valuable prediction equations utilized only fat thickness at 12th rib and 
carcass weight (Y = 7.12 - 1.15 (fat thickness) + 0.2967 (carcass weight)}. 
These two measurements were associated with more than 70 percent of the varia-
tion in separable lean and were comparable in accuracy to values obtained with 
the Hankins and Howe equation, which utilized the percent lean in the 9-10-llth 
rib cut. 
Another prediction equation for retail yield (Y = 16.64 x 1.67 (percent 
trimmed round) - 4.94 (single fat measurement at 12th rib in inches)} by Brun-
gardt and Bray (1963a] was shown to account for 81 percent of the variation in 
retail yield of the round, loin, rib, and chuck. This equation accounted for more 
of the variation in yield of retail cuts than did similar measurements used in the 
equation of Murphy et al. (1960}, which accounted for only 67 percent of the 
variation in this study. 
Breidenstein (1965}, in a study comprised of 327 steer carcasses used the 
same independent variables used by Murphy et al. (1960), and Brungardt and 
Bray (1963a} to predict percent retail yield from round, loin, rib, and chuck. 
Variance accounted for in percent retail yield was 60.22 percent compared to 
77.26 percent reported by Murphy et al. (1960} and 67.00 percent by Brungardt 
and Bray. Briedenstein also reported numerous prediction equations for estimat-
ing retail yield of the various primal wholesale cuts. Data presented indicate that 
prediction equations can be useful in predicting the yield of individual whole-
sale cuts. 
Allen (1966], in a detailed study comprised of 80 steer carcasses developed 
several prediction equations. The prediction equations that accounted for 94 per-
cent of the variation in total carcass retail yield or retail yield of the round, loin, 
rib, and chuck included carcass weight; fat probe at the 5th thoracic vertebra, 4 
inches off the carcass dorsal midline (Figure 13); either a fat probe at the 3rd 
sacral vertebra, 12 inches off the carcass dorsal midline or a fat measurement at 
the 12th rib, one-fourth the distance from the medial to lateral edges of the rib-
eye; length of round; and percent flank retail yield. The greatest accuracy of pre-
dicting total carcass retail yield was obtained by including flank retail yield in 
the equation. In this study, prediction equations were less accurate for 700 to 750 
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pound than for 500 to 550 pound carcasses, indicating that fat distribution dif-
fered between the weight groups. 
In the "Recommended Guides for Carcass Evaluation and Contests" (Schoon-
over et al., 1967), the recommended method for obtaining an estimate of the 
percent retail yield from a ribbed carcass is the U.S.D.A. prediction equation 
(Murphy et al. , 1960). Other alternative equations also are recommended. 
Although variable results have been obtained when prediction equations 
have been used in other studies, results for the most part support the use of such 
equations to predict carcass composition. It should be realized that specific equa-
tions were developed from data from a given population of carcasses. When ap-
plied to another population of carcasses one should not necessarily expect to ob-
tain the exact relationship as observed in the original study. For example, the 
equation by Murphy et al. (1960] was developed from carcasses of two sexes, 
having a wide range in weight and fatness. When applied to a more homoge-
nous group of carcasses, the relationship is likely to be lower than originally re-
ported. 
Tuma et al. (1967) used prediction equations to estimate weight of retail 
cuts. Variables used in the equations included various combinations of carcass 
weight, trimmed retail cuts from the round, longissimus muscle area, measures of 
fat thickness at the 12th rib, untrimmed round weight, and weight of kidney, 
pelvic, and heart fat. Equations presented indicated that 84 to 94 percent of the 
total variation in actual weight of retail cuts could be accounted for by using the 
equations. 
Heritability Estimates 
Heritability estimates are used to show the variation in a trait such as carcass 
grade that is due to heredity. Data from several sources indicate that most desir-
able production and carcass traits are heritable to an extent that progress can be 
made by selecting breeding animals for these traits (Cundiff et al., 1964; Swiger 
et al., 1965; Zinn, 1964 and (Table 16)]. Results to date indicate the need for 
coordinated efforts between breeding and meats research if maximum progress in, 
beef cattle improvement is attained. 
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TABLE 16~HERITABILITY ESTIMATES OF CARCASS CHARACTERISTICSa 
Heritability Standard 
Characteristic Estimate Error 
Body length 0.81 0.23 
Body depth 0.01 0.16 
Leg 1 ength 0.76 0.23 
Carcass weight 0.40 0.20 
Carcass grade 0.44 0.21 
Marbling score 0.45 0.21 
Longissimus muscle area 0.45 0.21 
Fat thickness 0.12 0.18 
% fat 9-10- llth rib -.01 0.16 
% lean 9-10-llth rib 0.08 0.17 
% bone 9-10-llth rib 0.32 0.20 
aData on 345 steers from 65 Hereford sires included [Arthaud et ai., 1966] . 
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CONCLUSION 
The objective of this publication has been to summarize information (1) on 
quantitative changes in composition of the beef animal during growth and fat-
tening and (2) on subjective and objective methods of evaluating composition 
of the live animal and carcass. 
Data presented show that important quantitative changes occur in composi-
tion of the beef animal which are of concern to all segments of the beef industry. 
Reasons for some of these changes are more obvious and more fully understood 
than others. Many factors affect changes that occur in carcass composition. Many 
of the cause and effect relationships are known, while others are not. Need re-
mains for a more complete understanding of the growth process in the beef ani-
mal and how various specific factors affect this important process. 
Many subjective and objective methods have been employed to quantify var-
ious components of the live beef animal and subsequent carcass. Most of these 
methods have been discussed in this publication. It is obvious that these meth-
ods do not always yield relationship~ of similar magnitude when applied to dif-
ferent animals or carcasses. Varied results might be expected due to technical 
variations and/ or physiological variations among animals. Although many of the 
methods discussed in this publication have practical and reliable utility, there re-
mains a need for further research in this area. 
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